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ABSTRACT 
This thesis is concerned with the synthesis and studies of 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) and its derivatives. Some essential 
background and previous works in this area are firstly introduced. The synthesis of 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) was realized by a copper-mediated 
intermolecular cross coupling of 2,2‘ -diiodo-3,3 ‘ ,6,6' -tetramethoxybipheny 1 (68) 
followed by deprotection of the methoxy groups. The X-ray structure of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) and 52 were studied, in which a 
1:2 clathrate inclusion complex was obtained between 56 and dichloromethane. 
Oxidation of 52 by lead tetraacetate furnished 
1,4,5,8,9,12,13,16-octahydro-1,4,5,8,9,12,13,16-octaoxotetraphenylene (76), and the 
reaction between 52 and trifluoromethanesulfonic acid anhydride in the presence of 
triethylamine led to the formation of 1,4,5,8,9,12,13,16-octatriflyltetraphenylene (77). 
In addition, electrochemical properties of 56 and 76 were investigated by means of 
cyclic voltammetry. The data showed that the potential difference between the 
addition of the first and second electron was exceptionally small in 76 = 0.2 V) 
as compared with other ；?-quinones as well as p-benzoquinone. The reason for this 
phenomenon is under further investigation. 
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中文摘要 
本論文是有關 l,4,5，8,9,12，13,16-octahydroxytetraphenylene (52)及其衍生物 
的合成硏究。首先介紹了本領域的一些基本研究背景和早先的工作。以銅介導 
2,2',diiodo-3,3',6,6'-tetramethoxybiphenyl (68)分子間交叉偶合，再使甲氧基脫甲 
基 保 護 ， 成 功 實 現 了 52 的 合 成 。 硏 究 了 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56 )和 52 的單晶 X-衍射晶體結 
構，其中在56和二氯甲院之間存在一種1 ： 2的籠狀包合絡合物。以四乙酸錯 
氧 化 52 得 到 新 化 合 物 
l,4,5,8,9,12,13,16-octahydro-l,4,5,8,9,12,13,16-octaoxotetraphenylene ( 76 ) ,在三乙 
胺 存 在 下 52 同 三 氟 甲 碯 酸 酐 反 應 合 成 出 
1,4,5,8,9,12,13,16-octatriflyltetraphenylene (77)。進一步’我們以循環伏安法考察 




CHAPTER 1 INTRODUCTION 
1.1 General background 
Tetraphenylene (1), also known as tetrabenzocyclooctatetraene, belongs to one of 
the most interesting families in the field of non-natural products. Since the first 
reported synthesis of 1 in 1943 by Rapson, Shuttleworth and van Niekerk? it has 
aroused the interest of many distinguished chemists to explore its chemistry. 
1 
Compound 1 is a colorless, high-melting (m.p. 233 °C), exceedingly stable 
compound, and its solubility in most organic solvents is relatively low. It is nonplanar 
and has a characteristic saddle shape in which its benzenes are oriented alternatively 
above and below the average plane of the molecule. It belongs to a Did symmetry 
point group. The electrons of the benzene rings are delocalized and belong to other 
MO systems, so they will not comprise the central eight-membered ring. 
In 1945, Karle and Brockway^ showed by electron diffraction study that 1 had a 
non-planar tub form with bonds alternating in length around the ring. The shorter 
7 
bonds (1.39 ± O.O2A) were common to the six-membered ring, while the bonds 
joining the benzene rings have a length of 1.52 土 0.04A; all the angles in the benzene 
rings，which were alternatively above and below the average plane of the molecule, 
were near 120°. 
1.2 Synthesis of tetraphenylene and its derivatives 
The first successful synthesis of 1 was reported in 1943 by Rapson, Shuttleworth 
and Niekerk, who converted 2,2'-dibromobiphenyl (2) to its corresponding Grignard 
reagent 3] The addition of copper(II) chloride to 3 provided 1 in only 16% yield, 
together with 4% of biphenylene (4) as a minor product (Figure 1). 
f i o 
Br Mg | CuCI? + [ P T T ^ 
八 Br Et20 八 “ 
a 
2 3 1(16%) 4(4%) 
Figure 1. Synthesis of tetraphenylene (1) from 2,2,-dibromobiphenyl (2). 
Although successful preparations of 1 were reported by several research groups, 
some of these methods only involved isolation of extremely low yields of 1 from very 
8 
complex reaction mixtures. Indeed, very few methods are available for the simple 
synthesis of 1 in high yield. The isolation of 1 often required rather tedious and 
painstaking procedures. Therefore, it is not surprising that only a few examples of 
derivatives of 1 are known. From the literature, only four methods have been 
commonly devised to prepare functionalized tetraphenylenes. 
1.2.1 From electrophilic aromatic substitution 
Electrophilic aromatic substitution is a classical method for the synthesis of 
functionalized tetraphenylenes. Introduction of bromo, nitro, acetyl, and formyl 
groups into 1 by this method were realized.' The benzene rings of 1 behave as normal 
benzene nuclei towards electrophilic aromatic substitution because they are not 
conjugated to each other (Figure 2). The drawback of utilizing this method is the 
uncontrolled position of substitution. 
9 
COCHg 
r T T J 5 
CH3COCI 
CI2CHCHCI2 
『 。 2 ) 4 _ 3 Q Pe 泛 Br 
H2SO4 Heat 
o ^ o ^ o 
6 1 7 
Figure 2. Synthesis of functionalized tetraphenylene by electrophilic aromatic 
substitution. 
1.2.2 From biphenylene pyrolysis 
The successful synthesis of tetraphenylene (1) from biphenylene (4) pyrolysis 
reaction was firstly reported by Friedman and Lindow in 1967.3 ^hen neat 4 is kept 
in an evacuated sealed tube at 395-408°C for 1 hour, 1 is obtained in 96% yield 
together with 4% of biphenyl (8) (Figure 3). Extended reaction times only resulted in 
thermal destruction of the initial product and thus a lower yield of 1. 
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Evacuated ( / 
sealed tube 
395-408°C ^ ^ ^ ^ V ^ + 
4 1 (96%) 8 (4%) 
Figure 3. Synthesis of tetraphenylene (1) from biphenylene (4) through vacuum 
pyrolysis. 
Motivated by this finding, many research groups have tried to synthesize 
derivatives of 1 from the pyrolysis of substituted 4. However, meager yield was 
usually resulted. For example, evacuated sealed tube pyrolysis of 
2,3,6,7-tetramethylbiphenylene (9) at 400。C furnished 
2,3,6,7,10,11,14,15-octamethyltetraphenylene (10) in only 6% yield (Figure 4).4 
M e M e 
H 
M 5 m M A ^ ^ ^ ^ M e 
M e M e 
9 10 (6%) 
Figure 4. Synthesis of 2,3,6,7,10,11,14,15-octamethyltetraphenylene (10) from 
2,3,6,7-tetramethylbiphenylene (9) by vacuum pyrolysis. 
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The pyrolysis approach has some advantages over the electrophilic aromatic 
substitution as the position of functional group in the functionalized tetraphenylene 
can be controlled by the design of substituted biphenylenes. The disadvantage of 
utilizing biphenylene pyrolysis is the destruction of thermally unstable functionalized 
biphenylenes and therefore its scope is limited to high-temperature tolerable 
biphenylenes. However, the discovery of new catalysts had solved these problems. In 
1977, Stille utilized bis(norbomadienechlororhodium) as the catalyst for the pyrolysis 
reaction of 4 and successfully lowered the reaction temperature to 200°C with 88% 
yield of 1 produced (Figure 6).^ 
Bis(norbornaclienechlororhoclium) (/ \ 
200°C \ — / 
k：；；^^ ^—^：^ PhMe 
4 1 (88%) 
Figure 6. Bis(norbomadienechlororhodium) catalyzed pyrolysis of biphenylene (4) 
into tetraphenylene (1). 
In recent years, Vollhardt reported the synthesis of 1 through the activation of 
C-C bond in 4 by tetrakis(triethylphosphine)nickel(0) at room temperature.^ 
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Nevertheless, the reaction required an inert atmosphere. 
1.2.3 From aryl halide coupling 
In 1967, Barton and Whitaker used iodonium salt 12 to build up nitro-substituted 
tetraphenylene. Unfortunately, the yield was also extremely low (Figure 5)/ 
1 H SO 
(r^N。2 K2S20； & N 0 2 f A N。2 
I 乂 2. NaHSOa I _ f 
N ^ l Kl CU2O r^ ^^^V^ V ^ 
^ \|+ 1- I I + I 1 
^ ^ Heat ^ ^ ^ ^ ^ ^ 
^ U G ^ n o , 
11 12 13 (0.56%) 14 Trace 
Figure 5. Synthesis of 1,16-dinitrotetraphenylene (13) from the iodonium salt of 
2-iodo-3 -nitrobipheny 1 (12). 
The successful synthesis of 1 from the transition metal-mediated intermolecular 
n 
coupling was firstly reported by Wittig in 1967. The synthesis of 1 from 
2,2'-diiodobiphenyl (15) was accomplished through a lithium-iodine exchange 
between «-butyllithium and two iodo groups in 15, and was followed by 
transmetallation of a transition metal to generate a tetrahedral complex consists of two 
biphenyl ligands (17). The reductive elimination of this organometallic species then 
furnished 1 (Figure 7). 
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A n n 2-
认 微 l ^ L i MX V\ A ^ 
I 丫 Li ^ 
k J k j ^ ^ 
15 16 17 
ImX I Yield o f l " ^ 
„ 八 八 NiCb 一44 一 
r ^ Y ^ p i CuCl2 ^  
L 》 CuCl2 . bipyridine 47 
MnCU 一22 —  
1 FeCl2 47 
[MoCIs 丨41 — 
Figure 7. Synthesis of tetraphenylene (1) from the copper-mediated intermolecular 
coupling of 2,2'-dilithiobiphenyl (15). 
lyoda and Kabir synthesized bromo- and methoxy-substituted tetraphenylenes in 
2000 according to Wittig's procedures.^  
This method is most useful for the preparation of symmetrical tetraphenylene. In 
2000, Rathore, Le Magueres, Lindeman and Kochi prepared 
octamethoxytetraphenylene 19, which was found to be a potential molecular switch 
based on its dramatic colour change upon the application of an electrical potential.⑴ 
Further examination of its properties by X-ray crystallography showed that the 
characteristic saddle-shaped eight-membered ring of 19 was converted to the cw-fused 
bicyclo[3.3.0]octane framework due to oxidation of 19 to its dication (Figure 8). 
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M e O O M e 
？Me i.n-BuLi (2.2 eq), W M e O O M e 
MeoyS 號 Q M 
L A b p 1h M e C y ^ y ^ y ^ O M e W 
2 ( j y B r M e c A ^ ^ ^ ^ ^ ^ ^ O M e + K 
M e o Y M M e O ^ M e 
O M e M e O O M e 
18 19 20 
T o -
Figure 8. Synthetic scheme of 2,3,6,7,10,11,14,15-octamethoxytetraphenylene (19) 
and the X-ray crystallographic structure of its dication. 
1.2.4 From bis-acetylene 
Developed in our laboratory, synthesis of 1 from the highly strained 
bis-acetylene (21) precursor is one of the most specific methods for the construction 
of functionalized tetraphenylenes.^ ^ ^ ^ The highly strained 21 underwent Diels-Alder 
reaction with an excess of furan to afford endoxide 22 in quantitative yield, which 
was eventually deoxygenated with low-valent titanium to provide 1 in 50% yield 
(Figure 9). 
15 
- A © Q 
— Q u a n t i t a t i v e THF 
\ £ 7 50% O 
21 22 1 
Figure 9. Synthesis of tetraphenylene (1) from the Diels-Alder reaction between 
bis-acetylene (21) and furan followed by deoxygenation. 
Utilizing the same strategy, many benzannulated tetraphenylenes had also been 
realized. 14’ 15 They included 23, 24，25, 26 and 27. In these cases, isobenzofuran (28) 
was used as the trapping reagent of the bis-acetylenes (Figure 10). 
16 
丄 o So rA 




Figure 10. Compounds 23，24，25，26 and 27 are synthesized from the trapping 
reaction between bis-acetylene and isobenzofuran 28. 
1.2.5 Synthesis of tetraphenylenes fused with carbocycles and heterocycles 
Tetraphenylenes prepared by the aforementioned methods usually possess the 
characteristic saddle shape of the tetraphenylene family. However, some carbocycles 
and heterocycles can be incorporated into the tetraphenylene core to make its shape 
towards planarity. 
Intramolecular Friedel-Crafts acylation of 29 yielded quantitatively the 
17 
tetraketone 30, which could be reduced under Huang Minion condition to form 
3,6,9,12-tetrahydro-tetracyclopenta[<ie/ jkl, pgr, vwx]tetraphenylene (31) in 77% yield 
(Figure It is important to note that both 30 and 31 showed increased intensity 
as well as bathochromic shift in their UV spectra. This phenomenon is attributable 
essentially to the steric constraints exerted by the fused five-membered rings which 
could force 30 and 31 towards coplanarity. 
崎 c 众 — — r ^ 
( ^ ^ ^ Y ^ ^ r ^ ^ PPA Na 
160°C ‘ H〇(CH2CH2〇)2H 
29 30 31 
Figure 11. Synthesis of 3,6,9,12-tetrahydro-tetracyclopenta[^/e/ jkl, pgr, 
vwx]tetraphenylene (31) from 29. 
Bis-Wittig reaction between 32 and 33 afforded a low yield of 34 which cyclized 
to dihQnzo[def, /7^r]tetraphenylene 35 in 65% yield by an oxidative photolysis 
procedure (Figure 12). Alternatively, an operation under high dilution condition 
gave the disulfide macrocycle 36 from 37 and 38. A sequence of sulfonium salt 
formation, Stevens rearrangement, sulfoxide formation and elimination reaction led to 
34 in 33% total yield. Oxidative photocyclization again allowed the conversion of 34 
18 
to 35 in 63% yield (Figure 12).^ ^ An X-ray crystallographic study revealed that the 
central eight-membered ring of 35 is in a distorted tub form. 
y + Y ； I V V 
r i ^ CeHe 36 
r r fl r r y 
37 38 + 
1. (MeO)2C BF4-’ CH2CI2 
2. NaH.THF 
3. MCPBA, CHCI3, 0。C 
4. 320。C 
^ ^ C H O "BrPhsPHsC.,^^ hv 
y + y V T ^ T r 
^ ^ C H O "BrPhaPH^C"^ 
32 33 34 35 
Figure 12. Synthesis of dibenzoj^e/ p州tetraphenylene (35). 
Tetramerization of a-naphthoquinone (39) induced by a Lewis acid gave an 
oxygen-bridged tetramer 40 in 95% yield? 1'22 The UV spectrum of 40 showed it to be 
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Figure 13. Synthesis of oxygen-bridged tetramer 40 and 42 from their corresponding 
substituted quinone 39 and 41. 
Similarly, dimethyl and dipropyl substituted /7-benzoquinones 41 tetramerized to 
42 (Figure 13).23’24 The central eight-membered ring should also be coplanar with the 
benzene rings due primarily to the inherent constraint effect of the oxygen-bridges. 
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1.3 Inversion barrier of tetraphenylenes 
Many attempts have been made to determine the barrier of the ring inversion of 
tetraphenylene (1). In 1971, by ^H NMR study, Figeys and Dralants found that the 
barrier for ring inversion (Ea) in 2-(l -hydroxy-1 -methylethyl)-tetraphenylene (43a) 
has an extraordinarily low value of 5.7 kcal/mol as compared with the value of 14.7 
kcal/mol for the corresponding cyclooctatetraene derivative 
JMe Me Me Me 
T u 
43a 43b 
The aliphatic part of the NMR spectrum of 43a at 60 MHz showed at 35°C two 
very close singlets at (5 = 1.42 ppm in a solvent mixture 
CS2/perdeuterotetrahydrofuran in the ratio 1/4 assigned to the two diastereotopic 
methyl groups. The multiplicity and the value of the coupling constant were 
unaffected in different solvents such as benzene, chloroform and 
1,1,2,2-tetrachloroethane. As the temperature decreases, important broadening of 
them occurred with a slight high-field shift. At -116°C, 6 =1.40 ppm. When the 
theory of Piette and Anderson^^ was applied to this evolution, a value of 5.7 kcal/mol 
for the barrier of ring-inversion was obtained. 
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This surprising result might be ascribed to the decreased anti-aromaticity of the 
eight-membered ring in the postulated planar transition state of the inversion as 
compared to cyclooctatetraene itself. Calculation of the ring-current of the 
eight-membered ring for the whole series of benzocyclooctenes by McWeeny's 
LCAO-perturbation theory,^ ^ using the iterative LCAO-BETA method,^^ showed 
indeed that the successive addition of fused benzene rings produced a decrease of the 
paramagnetic ring-current in the [8]- n electron system (Table 1). 
Cyclooctatetraene -0.8821 Dibenzo [a,c\cyclooctene I -0.159 
Benzocyclooctene -0.331 Tribenzocyclooctene -0.090 
Dibenzo [a,e] cyclooctene -0.159 Tetraphenylene -0.053 
Table 1. Ring-current intensity in the eight-membered ring of benzocyclooctenes 
(benzene = +1.0).25 
If we accepted that the intensity of the paramagnetic ring-current was a criterion 
of anti-aromaticity28，29 as well as a measure of destabilization of the planar 
eight-membered ring, tetraphenylene (1) would be the compound with the lowest 
energy for ring inversion in Table 1. 
In 1972, Finder, Chung and Allinger performed an investigation on 
22 
tetraphenylene (1) and its derivatives using CNDO/2 calculation method.^^ They 
suggested that the repulsion between the two ortho hydrogens must be very serious in 
the transition state. The repulsion was sufficiently large that at room temperature the 
inversion would not occur. Actually, when the calculated and observed inversion 
barriers were compared in Table 2 for cyclooctatetraene (COT), 
benzocyclooctatetraene (SCOT), 1,3,5,7-tetramethylcyclooctatetraene (TMCOT), 
naphthacenocyclooctatetraene (NCOT) and tetraphenylene (1), it can be seen that the 
difference between the calculated and experimental values ranged from approximately 
0-10 kcal/mol. In 1, the calculation predicted a barrier of 222.4 kcal/mol. 
23 
Table 2. Calculated and observed barriers of cyclooctatetraene (COT), 
benzocyclooctatetraene (BCOT), tetraphenylene (1)， 








Compound Energy (kcal) Calculated A H 丰 O b s e r v e d A H * ^ 
(kcal/mol) (kcal/mol)^ 
COT - tub -39212.7 U J 
COT- planar -39204.9 
BCOT-tub -57993.6 13.4±0.2 
BCOT - planar -57979.9 
TMCOT-tub -60978.6 3336 
TMCOT - planar -60945.5 
1-tub -114085 5 ? ^ 
1 - planar -113863 
NCOT — tub -114019 17.45 …… 
NCOT - planar -114002 
(a) The quantity usually measured was AG丰，sometimes on substituted systems. It has 
been found that AS"^  for ring inversion in related systems was negligible,^ ^  and it 
was assumed AG丰 and AH^ were the same to a good approximation. The effects 
of substituents were assumed negligible. 
(b) This barrier had not been measured but it would be expected to be similar to the 
barrier of BCOT. 
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Finder, Chung and Allinger pointed out that they were concerned with the 
definition of aromaticity in terms of thermodynamic rather than the existence of ring 
currents.25 The tub form of 1 was more stable only because of the contributions from 
the minimization of non-bonded interactions. The n resonance would only stabilize 
the planar form of a cyclooctatetraene molecule. Non-planarity of 1 did not improve 
the anti-aromaticity with respect to a planar conjugated polyene, but only made it 
worse. Thus, delocalization of the electrons out of the n system destabilizes the planar 
form as related to the tub form. When we look at the n system alone, the fusion of 
benzene rings onto the cyclooctatetraene ring system should not lead to a decrease in 
the barrier, but to an increase. 
In the same year, Gust, Senkler and Mislow initiated an investigation on the 
resolution and optical stability of acid 
Q 
44 
The sample of (+)-44 in a 0.038 M solution of biphenyl showed no change in 
rotation after heating at 251。C for 36 hours. The result yielded a limit of ring 
inversion of AG251、45 kcal/mol. A comparison of the barrier for ring inversion in 
25 
44 with the barriers reported for less sterically hindered cyclooctatetraene derivatives 
was a good indication that non-bonded interactions constituted the major source of 
structural rigidity exhibited by such systems.^ * 
In addition, the resolution of dibenzodinaphthocyclooctatetraene (45) by 
chromatography was studied.^ ^ 
45 
From the result of a racemization study of an enantiomerically pure sample of 
(+)-45, the racemization rates observed at 550 to 600°C corresponded to a free 
activation energy for ring inversion of 67.2 士 0.8 kcal/mol. This is the highest barrier 
ever reported concerning the conformational change and this barrier should be valid 
also for 1. Such a high barrier for the inversion may be explained by the four 
repulsive H---H non-bonding interactions along the reaction coordinate to inversion. 
26 
1.4 Clathrate inclusion properties of tetraphenylene and its derivatives 
In 1982, Huang and Mak reported the pioneering crystallographic research on the 
clathrate inclusion properties of tetraphenylene They discovered that the 
crystallization of 1 in chloroform yielded tetragonal plates which gradually turned 
opaque on exposure to air. The density of the crystallized product as measured by 
flotation in aqueous potassium iodide solution considerably exceeded that expected 
for a solid hydrocarbon. These findings were indicative of guest-host interaction in 
the crystalline solvate. Motivated by this result, systematic crystallization and X-ray 
studies employing a wide variety of potential quest species were undertaken. The 
clathrate crystals were obtained by slow evaporation of solutions of 1 in 'guest' 
solvents (G), and gave the general formula 2C24H16 • G in space group PAiln with Z = 
2. The crystal data are tabulated in Table 
By the ordering of the clathrates according to their unit-cell volumes, a scale of 
effective molecular size for the encage guest species can be rationalized. 
27 
Table 3. Crystal data for clathrate inclusion compounds of tetraphenylene (1). 
Guest solvent, G Molecular diameter / A a I k c / A t/ZA? 
Dichloromethane 6.08 9.892(5) 18.46(1) 1806 
Acetone 9.902(2) 18.491(6) 1813.0 
Tetrahydrofuran 9.906(1) 18.503(5) 1815.7 
Dibromomethane 9.935(2) 18.546(6) 1830.6 
Chloroform 6.44 9.925(2) 18.593(3) 1831.5 
Dioxane 9.968(1) 18.553(5) 1843.5 
/-Propyl bromide 9.973(1) 18.633(5) 1853.3 
2^-Propyl bromide ca. 6.8 10.004(1) 18.647(4) 1866.2 
Carbon tetrachloride 6.68 9.930(2) 18.932(6) 1866.8 
Benzene 6.90 10.069(1) 18.431(5) 1868.6 
Cyclohexane 10.073(1) 18.712(2) 1898.6 
In Figure 14 we can see an example of the inclusion clathrate complex between 1 
and carbon tetrachloride. 
28 
M 
Figure 14. Stereoview of the molecular packing in the 2:1 1 • CCI4 clathrate 
illustrating the environment of a guest species located at (1/4, 1/4，1/4). The 
disordered CCI4 molecule is shown in its preferred orientation, and H atoms have 
been omitted for clarity. The unit-cell origin lies at the upper left corner, with a 
pointing from left to right, b downwards, and c away from the reader.]? 
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After the discovery of the clathrate inclusion properties of 1, much effort was 
made to explore the host-guest selectivity between solvent molecules and its 
derivatives. For example, 
1,4,15,18-tetrahydro-1,4,15,18-tetraoxodibenzo[6,/2]tetraphenylene (46) was proved 
to exhibit inclusion properties with mesitylene, hexane, acetic acid and cyclohexane.^^ 
Figure 15 shows the crystal structure of 46 • mesitylene (1:1) complex: 
。 f r 。 ， 纖 ， 
物層織 
Figure 15. Crystal structure of 46 • mesitylene (1:1) complex showing the packing of 
mesitylene guest molecules arranged in a zigzag column along an open channel 
running parallel to the c axis. The centroid-to-centroid distances between pairs of 
n---71 interacting rings are represented by broken lines. 
As shown in Figure 15, the host molecules are connected by intermolecular 
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face-to-face n——n interactions between pairs of centrosymmetrically-related 
• • 38 
benzoquinone rings to form a zigzag chain running parallel to the [1 0 1] direction. 
The study of this 7i-stacking motif is of particular interest, since it was found in some 
biological systems such as protein.39’恥 
Another work in the investigation of the inclusion properties of derivatives of 
tetraphenylene was done by Du and coworkers in 2001. 
1,4,11,14-tetramethoxy-dibenzo[Z?, «]tetraphenylene (47) was found to form a 1:1 
inclusion compound with pyr idine. Figure 16 depicts its crystal structure: 
Figure 16. Stereo view of the molecular packing in the crystal structure of the 1:1 
inclusion compound of 47 with pyridine. 
As shown in Figure 16, the host molecules are connected by intermolecular 
face-to-face k---n interactions between pairs of centrosymmetrically-related 
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substituted maphthylene rings (the interplanar spacing is 3.48 A and the 
centroid-to-centroid distance is 3.55 A) to form a zigzag chain running parallel to the 
b axis. Two centrosymmetrically-related six-membered ring guest molecules (pyridine) 
are enclosed in the cavity surrounded by eight host molecules, and the main 
intermolecular interaction can be ascribed to Van der Waals' contact and aromatic 
n—n stacking. It can be expected that n—n stacking through overlapping of pyridine 




In recent years, molecular architecture has become an important research area in 
science. Self-assembly of molecules into highly ordered linear, two- and 
three-dimensional molecular scaffolds is playing an important part in nanochemistry. 
Besides the beautiful arrangement of the small molecules in the supramolecular 
structures, the molecular networks are playing an important part in the development 
of the organized organic films, nanotechnology, catalysts and integrated chemical 
systems.42 
Our research group has been very active in the synthesis of derivatives of 
tetraphenylene and in the studies of their host-guest behavior.^ '^^ '^^ '^^ ^ Despite 
our activities, the construction of supramolecules consisting of tetraphenylene 
derivatives is still not known. With a ground state D2d geometry and a characteristic 
saddle shape conformation, it is foreseeable that the formation of supramolecules 
from the inter-connections of derivatives of 1 can display many interesting structures. 
Triggered by the aforementioned reasons, we have started a research project three 
years ago concerning the construction of three-dimensional molecular scaffolds using 
tetraphenylenols as building blocks. In our project, we would like to prepare five 
tetraphenylenols 48，49，50，51 and 52 (Figure 17). 
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Figure 17. Five tetraphenylenols for the construction of the molecular scaffolds. 
Due to the very high barrier to ring inversion of tetraphenylenes,^ ®'^ ^ 
tetraphenylenols 48，49 and 51 are capable of showing optical activities after the 
resolution of their racemic mixtures. On the other hand, tetraphenylenols 50 and 52 
are intrinsically achiral. 
After the synthesis of these tetraphenylenols, they will be inter-connnected 
through the formation of metal tetraphenylenoxides employing quadrivalent metals as 
the central linkage.44 In the construction of oxo-metal links, it is noteworthy that by 
controlling the presence or absence of a base such as triethylamine in the reaction, 
both tetraphenylenoxides or dichloro-tetraphenylenoxides can be obtained. Therefore, 
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by manipulating the base ancillaries, the growth of the metal molecular scaffolds can 
likely be controlled. 
Some possible three-dimensional scaffolds as computed by ab initio calculation 
are shown in Figures 18 and 19 (level of theory HF/ST0-3G*，Software package used: 




Figure 18. The proposed molecular scaffold 53 consisting of tetraphenylenols 48 and 
49 and its ab initio calculated structure. 
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Figure 19. A proposed novel molecular scaffold 54 consisting of tetraphenylenols and 
its ab initio calculated structure. 
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Due to time constraint, my project will only concentrate on the synthesis of the 
tetraphenylenol 52 and on the studies of its inclusion properties. In addition, the 
electrochemical properties of the derivatives of 52 will be investigated. The structure 
of 52 will be characterized by spectroscopic and X-ray crystallographic analyses. 
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CHAPTER 2 RESULTS AND DISCUSSION 
2.1 Aim of the present work 
The aim of my present work mainly focused on the synthesis of 
1,4,5,8,9,12,13,16-octainethoxytetraphenylene (56). Both the dimerization of 
1,4,5,8-tetramethoxybiphenylene (55)45 catalyzed by the transition metal complex '^^  
and the reductive coupling of 2,2'-dilithio-3,3',6,6'-tetramethoxybiphenyl 
will be examined for the synthesis of 56. After the synthesis of 56 was accomplished, 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52)，octatriflyltetraphenylene (77) and 
l,4,5,8,9,12,13,16-octahydro-l,4,5,8,9,12,13,16-octaoxotetraphenylene (76) could 
also be realized. 
In addition, the inclusion properties of 52 and 56 were studied by means of 
X-Ray crystallography analyses. The electrochemical properties of 56 and 76 were 
also studied by means of cyclic voltammetry. 
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2.2 Retrosynthetic studies on 1,4,5,8,9,12,13,16-octahydroxytetraphenylene 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52), the synthetic target in my 
research project, is a highly symmetrical molecule. Therefore, synthetic schemes are 
generally planned according to this characteristic. 
In seeking for the synthetic methods in literature for the synthesis of 
functionalized tetraphenylene, the pyrolysis of biphenylene^ and the transitional 
Q 
metal-mediated intermolecular reductive coupling of 2,2'-dihalobiphenyl are the 
most applicable methods for the synthesis of 52. These two methods are based on the 
C-C bond formation between the C2 and C2' positions of two symmetrical 
3,3'-6,6'-tetramethoxybiphenyl units. Due to the symmetry of 52, reaction of two 
identical units can lead to its construction. 
2.2.1 1,4,5,8-Tetramethoxybiphenylene approach 
In the aforementioned methods for the synthesis of tetraphenylene (1) and its 
derivatives, evacuated sealed tube pyrolysis or transition metal-catalyzed pyrolysis ’ 
of biphenylene (4) can realize the synthesis of 1. According to this method, 
1,4,5,8-tetramethoxybiphenylene (55) was prepared to achieve the synthesis of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56). From the literature/^ 55 was 
obtained through the dimerization of 3,6-dimethoxybenzyne (57). This benzyne was 
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generated from the oxidation of l-amino-4,7-dimethoxybenzotriazole (58)45 or the 
thermal decomposition of 3,6-dimethoxybenzene-2-diazonium carboxylate (59).46 
Both 58 and 59 can be synthesized from the commercially available 
2,5-dihydroxybenzoic acid (60) employing seven and five steps, respectively. The 
retrosynthetic studies for the construction of 56 from 2,5-dihydroxybenzoic acid (60) 
are summarized as follow (Figure 20). 
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Figure 20. Retrosynthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
2,5-dihydroxybenzoic acid (60) via 1,4,5,8-tetramethoxybiphenylene (55). 
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2.2.2 2,2‘-Diiodo-3,3'-6,6‘-tetramethoxybiphenyl approach 
Since the first attempted synthesis of tetraphenylene (1) from the copper-mediated 
Q 
intermolecular reductive coupling of 2,2'-dilithiobiphenyl (16) by Wittig in 1967, 
many research groups have utilized this method to synthesize functionalized 1.8，9’⑴ 
This method consisted of three steps: lithium-halogen exchange of 
2,2'-dihalobiphenyl, transmetallation of a transition metal center for the generation of 
a tetrahedral complex with two biphenyl ligands, and reductive elimination of this 
o 
complex. 
Considering the retrosynthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56), 2,2'-diiodo-3,3'-6,6'-tetramethoxybiphenyl (68) will be the substrate for the 
transitional metal-mediated intermolecular reductive coupling reaction. Compound 68 
was synthesized in two steps from 3,3'-6,6'-tetramethoxy-2,2‘-dinitrobipheny 1 (70), 
which included reduction of 70 to 2,2'-diamino-3,3'-6,6'-tetramethoxybiphenyl (69) 
and Sandmeyer reaction between 69 and potassium i o d i d e " Compound 70 was 
prepared from an intermolecular Ullmann coupling reaction from two 
2-iodo-3,6-dimethoxynitrobenzene (71).^^ 2,5-dihydroxybenzoic acid (60) can also be 
used as the starting material for the synthesis of 71 as well as in the synthetic Scheme 
in 1.6.1. The retrosynthetic study for the construction of 56 from 
2,5-dihydroxybenzoic acid (60) is summarized in Figure 21. 
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Figure 21. Retrosynthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
2,5-dihydroxybenzoic acid (60) via 2,2' -diiodo-3,3' ,6,6' -tetramethoxybipheny 1 (68). 
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2.3 Preparation of 1,4,5,8-tetramethoxybiphenylene 
2.3.1 From 2-amino-3,6-dimethoxybenzoic acid 
2-Amino-3,6-dimethoxybenzoic acid (59) was synthesized according to the 
method reported by Heaney's group in 1973， 
Firstly, 2,5-dihydroxybenzoic acid (60) was methylated by dimethyl sulfate / 
potassium carbonate in refluxing acetone to give methyl 2,5-dimethoxybenzoate (61) 
in 94% yield.45 Benzoate 61 was then converted to the corresponding 
2,5-dimethoxybenzamide (62) in 92% yield by reacting with concentrated ammonia 
solution at room temperature.45 Recrystallization of 62 from water furnished 
essentially a pure form of 62 which was used for spectroscopic studies and further 
conversion. 
Nitration of 62 was then achieved in 60% yield by reacting 62 with concentrated 
nitric acid at 0 to 5 This nitration was regioselective, which gave only 
orr/20-nitrated 3,6-dimethoxy-2-nitrobenzaimde (63) as the major product. A plausible 
explanation was that the reaction intermediate which led to the formation of 63 tended 
to reserve the conjugation between the amido group and the methoxy group ortho to it 
during the electrophilic aromatic substitution. By considering all the possible 
resonance structures of the intermediates during the substitution, only the 
ortho-m\i2iXQ& intermediate could reserve such conjugation. Moreover, this position 
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was activated by methoxy group at C6. The synthetic scheme of 63 from 60 is 
outlined in Figure 22. 
OH Me2S04 ？Me ？Me 
A ^ C 0 2 H K2CO3 Cone. NH3 A ^ C 0 2 N H 2 
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940/0 
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1. Cone. HNO3, 
0。C， 
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2.0。Cto10。C， O M e 
30 min. / t ^ C O a N H s 
6O0/0 
O M e 
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Figure 22. Synthetic scheme for the synthesis of 3,6-dimethoxy-2-nitrobenzamide (63) 
from 2,5-dihydroxybenzoic acid (60). 
After nitration, treatment of a solution of 63 in concentrated sulfuric acid with an 
excess of sodium nitrite converted 63 into 3,6-dimethoxy-2-nitrobenzoic acid (64) in 
88% yield.49 The nitro group was then reduced to an amino group in 72% yield by the 
use of hydrazine hydrate in the presence of palladium on charcoal to furnish 
2-amino-3,6-dimethoxybenzoic acid (59) in 72% yield.，。The synthetic scheme for the 
conversion of 63 to 59 is outlined in Figure 23. 
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Figure 23. Synthesis of 2-amino-3,6-dimethoxybenzoic acid (59) from 
3,6-dimethoxy-2-nitrobenzamide (63). 
The aprotic diazotization of 59 gave 
3,6-dimethoxybenzenediazonium-2-carboxylate (72), which was eventually 
decomposed into 3,6-dimethoxybenzyne (57), carbon dioxide, and nitrogen in boiling 
1,2-dichloroethane (Figure 24).^^ From the dimerization of 57 generated in the 
reaction mixture, 1,4,5,8-tetramethoxybiphenylene (55) was obtained after flash 
column chromatography, but with a meager 1% yield. As a result, it was impossible to 
obtain an adequate quantity of 55 for further manipulation employing this synthetic 
route. Therefore, another method for the preparation of 55 was needed. 
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Figure 24. Synthesis of 1,4,5,8-tetramethoxybiphenylene (55) from 
2-amino-3,6-dimethoxybenzoic acid (59). 
2.3.2 From l-ainino-4,7-dimethoxybenzotriazole 
l-Amino-4,7-dimethoxybenzotriazole (58) was synthesized according to the 
method reported by Rees's group in W O ” Starting from 
3,6-dimethoxy-2-nitrobenzamide (63) as mentioned in 2.2.1, a Hofmann degradation 
of the amide 63 gave 3,6-dimethoxy-2-nitroaniline (65) in 71% yield.45 Coupling of 
diazotized 65 with ethyl cyanoacetate in the presence of an aqueous acetate buffer 
produced ethyl 2-cyano-2-(3,6-dimethoxy-2-nitrophenyl)azoacetate (66) in 73% 
yield.45 Catalytic hydrogenation of hydrazone 66 over palladium on charcoal at 
atmospheric pressure was slow, but generally gave the corresponding amine 67 in 
75% yidd.45 The scheme for the conversion of 63 to 67 is shown in Figure 25. 
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Figure 25. The preparation of ethyl 
2-cyano-2-(2-amino-3,6-dimethoxyphenyl)azoacetate (67) from 
3,6-dimethoxy-2-nitrobenzamide (63). 
The amino group in 67 was then diazotized and reacted to produce 
2-cyano-2-(4,7-dimethoxybenzotriazol-1 -yl)iminoacetate (73) in 87% yield.45 The 
mechanism of this reaction involved an intramolecular nucleophilic attack of the 
nitrogen adjacent to an imino nitrogen to the diazonium ion. Prolonged treatment of 
73 with hot concentrated hydrochloric acid then gave, after basification, 
l-amino-4,7-dimethoxybenzotriazole (58) in 52% yield.45 Oxidation of benzotriazole 
58 with lead tetraacetate in benzene and dichloromethane gave, after flash column 
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chromatography, 1,4,5,8-tetramethoxybiphenylene (55) in 40% yield.45 
As a result, an adequate quantity of 55 could be prepared by this synthetic route 
for the attempted synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56). 
The synthetic scheme for the conversion of 67 to 55 is shown below (Figure 26). 
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Figure 26. Synthesis of 1,4,5,8-tetramethoxybiphenylene (55) from ethyl 
2-cyano-2-(2-amino-3,6-dimethoxyphenyl)azoacetate (67). 
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2.4 Synthesis of l，4，5，8，9，12，13，16-octamethoxytetraphenylene from 
1,4,5,8-tetramethoxybiphenylene 
In the dimerization of 1,4,5,8-tetrainethoxybiphenylene (55) into 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56), one of the C-C bonds between 
the two aromatic rings in 55 was activated either by the insertion of a transition metal 
between the two carbons^ or by the formation of a diradica”� via vacuum pyrolysis. 
Unfortunately, it soon appeared that 55 was imreactive towards the transition metal 
complex-promoted or the vacuum pyrolysis dimerization. In both cases, very low 
isolated yields of 56 were obtained even with prolonged treatment under high 
temperatures. In every trial, more than 80% of the starting material could be 
recovered. However, the reacted yields were usually satisfactory (Table 4). 
Table 4. Attempted conditions for the synthesis of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
1,4,5,8-tetramethobiphenylene (55). 
Conditions Yields 
Rh(NBD)2Cl2, toluene, 200°C, Isolated yield 5%, reacted yield 81%. 
Evacuated sealed-tube, 400°C, 12h/’” Isolated yield 3%, reacted yield 71%. 
[Ni(CO)2(PPh3)2], benzene, 100°C, No reaction. 
Nitrogen-filled sealed-tube, 400。C，12h/’wNo reaction. 
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2.5 Synthesis of 2，2，-diiodo-3，3，，6，6，-tetramethoxybiphenyl 
Due to the low isolated yield of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56) from the dimerization of 1,4,5,8-tetramethoxybiphenylene (55), it was necessary 
to explore another synthetic schemes leading to the realization of 56. The transition 
metal-mediated intermolecular reductive coupling of 
2,2'-dilithio-3,3',6,6'-tetramethoxybiphenyl (74)8，9’i。seemed to be plausible route for 
the synthesis of 56. 
The synthesis of 2,2' -diiodo-3,3' ,6,6' -tetramethoxybiphenyl (68) is described in 
the following. Sandmeyer reaction between the diazotized 
3,6-dimethoxy-2-nitroaniline (65)45 and potassium iodide gave 
2-iodo-1,4-dimethoxy-3-nitrobenzene (71) in 80% yield.54 Ullmann self-coupling 
reaction of iodo compound 71 in the presence of copper metal in refluxing 
N,N '-dimethylformamide gave 3,3 ‘ ,6,6' -tetramethoxy-2,2 ‘ -dinitrobipheny 1 (70) in 
55% yield (Figure 
1. MONO, 
0 � C , 
30min. 
OMe 么rt OMe OMe MeO 
13h. r ^ S ^ I Cu / = { 
iMe Imb 158。hC Mec/ NO, 0,N ^OMe 
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Figure 27. Synthesis of 3,3' ,6,6 ‘ -tetramethoxy-2,2 ‘ -dinitrobipheny 1 (70) from 
3,6-dimethoxy-2-nitroaniline (65). 
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The nitro groups in 70 were reduced to amino groups in 75% yield by the use of 
hydrazine hydrate in the presence of palladium on charcoal in refluxing methanol . 
Another Sandmeyer reaction between the diazotized 
2,2'-diamino-3,3',6,6'-tetramethoxybiphenyl (69) and potassium iodide completed the 
synthesis of 2,2'-diiodo-3,3',6,6'-tetramethoxybiphenyl (68) in 67% yield.47 The 
structure of 68 was confirmed by H and C NMR spectral data, elemental analysis 
and high-resolution mass spectroscopic data. The synthetic scheme for the conversion 
of 70 to 68 is shown below (Figure 28). 
O M e M e O H2NNH2 O M e M e O 
Q Q ^ H ^ Q Q 
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Figure 28. Synthesis of 2,2'-diiodo-3,3',6,6'-tetramethoxybiphenyl (68) from 
3,3，,6,6' -tetramethoxy-2,2' -dinitrobiphenyl (70). 
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2.6 Synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
2,2'-diiodo-3,3',6,6'-tetramethoxybiphenyl (68) 
Synthesis of tetraphenylene (1) from the transition metal-mediated 
intermolecular reductive coupling of 2,2'-dilithiobiphenyl (16) was firstly reported by 
Wittig in 1967.8 synthesis of a functionalized tetraphenylene utilizing the same 
strategy was also reported by lyoda's group in 2000.9 
The synthesis of 1,4,5,8,9,12,13,16-octainethoxytetraphenylene (56) from 
2,2‘ -diiodo-3,3 ‘ ,6,6' -tetramethoxybiphenyl (68) comprised three steps. The first step 
was the lithium-iodine exchange between alkyllithium and iodo groups in 68. The 
second step was the transmetallation of metal center to 
2,2‘-dilithio-3,3',6,6'-tetramethoxybiphenyl (74). Finally, the reaction mixture would 
be allowed to rise to room temperature to facilitate a reductive coupling which led to 
Q 
the synthesis of 56 and 1,4,5,8-tetramethoxybiphenylene (55) (Figure 29). 
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Figure 29. Synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
2,2' -diiodo-3,3 ‘ ,6,6' -tetramethoxybiphenyl (68). 
Table 5 shown below summarizes the attempts for the synthesis of 56 from 68 
using different conditions and reactants. 
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Table 5. Optimization of conditions for the synthesis of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) from 
2,2’ -diiodo-3,3，,6,6，-tetramethoxybiphenyl (68). 
Type of Temperature Solvent Type of metal Yield of 56 Yield of 55 
alkyllithium for lithiation ^ isolated isolated 
^-BuLi -78。C ~~EtzO CuCh 10% 4% 
一 0。C EtiO CuCh 31% — 8% 
一 r.t. EtiO CuCl2 — 16% 7% 
0"C THF CuCl2 3% 21% 
Et20/THF CuCli 5% ^ 
i m  
/-BuLi -78"C EtzO CuCh ^ 2% 
0"C Et20 CuCl2 “ 1% 4% 
^-BuLi 0"C —Et20 CuBr2 0% _ 10% 
一 I 0。C I Et20 ZnCl2 0% 5% 
From Table 5, the experimental results showed that the use of tetrahydrofuran as 
the solvent gave 55 as the major product, whereas the use of diethyl ether gave 56 as 
the major product which was in good agreement with the literature.^ In choosing the 
suitable lithiating reagent, «-butyllithium was the most suitable reagent for the 
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metal-halogen exchange. The low yield in the use of /-butyllithium could be explained 
by its steric bulkiness, high reactivity, and the susceptibility in undergoing elimination 
reaction after metal-halogen exchange. The use of thin-layer chromatography 
demonstrated that at -78°C the lithiation was incomplete, so the starting material was 
detected even with prolonged treatment. At room temperature, the deterioration of the 
lithiated species might be rapid. Therefore, 0°C seemed to be the best temperature for 
the lithiation. 
According to Wittig's work,^ use of many transition metal chloride salts for the 
intermolecular reductive coupling gave reasonable yields of tetraphenylene (1). These 
metal salts included copper(II) chloride, manganese(II) chloride, iron(III) chloride, 
molybdenum(V) chloride and zinc(II) chloride. The best yield was obtained by Wittig 
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utilizing copper(II) chloride. From our own experimental data, the best metal 
chloride salt for the synthesis of 56 was also copper(II) chloride. The use of other 
metal salts only resulted in intramolecular reductive coupling and 55 was the only 
product isolated. The optimum condition for the realization of 56 in 31% yield (52 mg) 
are therefore w-BuLi (1.37 mL)，Et20 (20 mL), 0。C with copper(II) chloride (0.403 g). 
With the synthesis of 56 in reasonable yield, further investigation on its inclusion 
properties, chemical properties and electrochemical properties could be carried out. 
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2.7 Synthesis of other tetraphenylene derivatives 
In addition to the synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56)， the corresponding 1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52), 
l,4,5,8,9,12,13,16-octahydro-l,4,5,8,9,12,13,16-octaoxotetraphenylene (76) and 
1,4,5,8,9,12,13,16-octatriflyltetraphenylene (77) were also synthesized. 
From the deprotection reaction of 56 using boron tribromide in dichloromethane, 
52 was synthesized in a quantitative yield.^^ Oxidation of 52 using lead tetraacetate in 
anhydrous dichloromethane gave 76 in 67% yield. 
For the introduction of other functional groups by transition metal-catalyzed 
coupling reaction, the hydroxy groups in 52 were converted into 
trifluoromethanesulfonyl (triflyl) groups by reacting 52 with an excess of 
trifluoromethanesulfonic anhydride in the presence of triethylamine (Figure 30). 
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Figure 30. Syntheses of 1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52), 
tetraquinone (76) and 1,4,5,8,9,12,13,16-octatriflyltetraphenylene (77) from 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56). 
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2.8 X-ray crystallographic studies of tetraphenylene derivatives 
As reported by Huang and Mak in 1982, tetraphenylene (1) possessed the 
ability to form clathrate inclusion compounds with organic solvent molecules and 
could accommodate guest species ranging in size from dichloromethane to 
cyclohexane. Motivated by these findings, X-ray crystallographic studies were 
performed to examine the inclusion properties of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) and 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52). 
2.8.1 X-ray crystallographic studies of 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
A fine single crystal of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) was 
obtained by slow diffusion of p-xylene into a CH2Cl2:CHCl3:CCl4 (1:1:1) solution of 
56. The X-ray showed that 56 formed a clathrate inclusion compound with two 
dichloromethane molecules. Unfortunately, besides dichloromethane, 56 did not form 
any clathrate inclusion compound with other organic solvent molecules. The unique 
selectivity in choosing dichloromethane as the guest molecule was remarkable in 
mixed solvent system, including CH2Cl2:C6H5Me:C6H6:C6Hi4 (1:1:1:1), 
CH2Cl2:C5H5N:j!?-C6H4Me2 (1:1:1), CH2Cl2:C6H50Me:p-C6H4Me2 (1:1:1), 
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CH2Cl2:CH2Br2:CH2l2:;?-C6H4Me2 (1:1:1:1) and CHsClziMeCOMeiHzO (1:1:1). 
Figure 31 shows the inclusion complex between 56 and dichloromethane. 
Figure 31. Stereo view of 56 • 2CH2CI2. In the crystal structure, molecules of 56 are 
arranged in a layer matching the plane (020), and between such adjacent layers lie the 
CH2CI2 solvate molecules. 
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2.8.2 X-ray crystallographic studies of 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene 
A fine crystal of 1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) was 
obtained by slow diffusion of water into a solution of 52 in acetone. From the X-ray 
crystallographic data, two water molecules were incorporated into the crystal structure 
and possessed hydrogen bonding between the hydroxy groups in 52 and the water 
molecules (Figure 32). 
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Figure 32. Stereo view of 52. Thermal ellipsoids are drawn at 50% probability level. 
The interactions between the hydroxy groups of 52 and water molecules are indicated 
with broken lines. 
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2.9 Electrochemical properties of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56) and l，4，5，8，9，12，13，16-octahydro-l，4，5，8，9，12，13，16-octaoxotetraphenylene 
(76) 
In recently years, molecular electronics has become a hot research field in 
chemistry.59 Quinones are perhaps the most well known organic electrophores and 
their electrochemical studies^ ^ were most often studied. However, efforts are mainly 
focused on simple monoquinones. 
In 1990, Miller performed a study toward several polyacenequinones, as well as 
their corresponding anion radicals and dianions by means of cyclic voltammetry.48 In 
2000, Rathore， Le Magueres, Lindeman and Kochi found that 
2,3,6,7,10,11,14,15-octamethoxytetraphenylene (19) was a potential molecular switch 
based on the reversible C-C bond formation upon application of an electrical 
potential.iG It showed striking electrochromic behavior with a colour change from 
yellow to red, which was completely reversible over multiple redox cycles: 
MeO OMe MeO ^Me 
M e c T OMe MeOMeO 飞 M e 
yellow 192+, dark red 
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The intensely red colour observed was due to the oxidation of 19 to W ^ . 
Comparison of the structures of neutral and dicationic 19 revealed the change from 
the saddle-shaped eight-membered ring in 19 to the cz5-fused bicyclo[3,3,0]octane 
2+ 
framework of 19 : 
By voltammetric analysis, the reversibility of the redox-controlled structural 
change of 19 was established. Oxidation of 19 showed an irreversible cyclic 
voltammogram in which the anodic peak at Eqx = 1.25 V (vs. SCE) corresponded to 
the oxidation of 19 to whereas the cathodic peak at Ered = 0.25 V (vs. SCE) on 
the return scan represented the reduction of 19〗+ to 19. Figure 33 shows the cyclic 
voltammogram of 19. 
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Figure 33. (a) The initial positive-scan cyclic voltammogram of 5 m M neutral 
2,3,6,7,10,11,14,15-octamethoxytetraphenylene (19) and (b) the initial negative-scan 
cyclic voltammogram of 5 m M 19】+ (PF6")2 at 25°C in anhydrous dichloromethane 
containing 0.2 M w-BiuN+PFg— at a scan rate of 200 m V s'\ 
Utilizing the same method, cyclic voltammetric studies on 
1,4,5,8,9,12,13,16-octamethoxytetraphenylene (52) and 
l,4,5,8,9,12,13,16-octahydro-l,4,5,8,9,12,13,16-octaoxotetraphenylene (76) were 
performed. 
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2.9.1 Electrochemical properties of l，4，5，8，9，12，13，16-octamethoxytetraphenylene 
(56) 
Cyclic voltammetric analysis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56) was performed with degassed dichloromethane, 0.12 M [Bu4N]+[BF4]- with a 
scan rate of 100 m V s"^  Ferrocene was always added as an internal standard and all 
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Figure 34. Cyclic voltammogram of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56): CH2CI2, 0.12 M [Bu4N]+[BF4]-, scan rate = 100 m V s-1. Platinum is used as 
the working electrode and silver is used as the reference electrode. The peak of 
reduction is clearly seen at 0.175 V, however the peak of oxidation is ill defined. 
Ferrocenium/ferrocene couple was used as the internal reference. 
From Figure 34，we can see that an irreversible cyclic voltammogram was 
obtained. Although the anodic peak for the oxidation of 56 to its dication was ill 
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defined, on the return scan the cathodic peak at 五red = 0.175 V representing the 
reduction of to 56 was well defined and clearly seen. 
2.9.2 Electrochemical properties of 
l，4，5，8，9，12，13，16-octahydro-l，4，5，8，9，12，13，16-octaoxotetraphenylene (76) 
To examine the electrochemical property of 76, cyclic voltammetric method was 
employed. This voltammogram was also performed with degassed dichloromethane, 
0.12 M [Bu4N]+[BF4]- with a scan rate of 100 m V s'\ Ferrocene was always added as 
an internal standard and all the data were calibrated according to the 
ferrocenium/ferrocene couple (Figure 35). 
^ ^ 一 
0 -200 -400 -1400 -1600 -1800 -2000 
mV 丨 
Figure 35. Cyclic voltammogram of 76，measured in CH2CI2, 0.12 M Bu4N • BF4, 
100 m V s-1 with platinum as the working electrode and silver as the reference 
electrode. The two reversible couple occurred at -0.597 and -0.813 V respectively. 
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The cyclic voltammogram of 76 indicates two reversible couples at = -0.597 
V and -0.813 V, respectively. Both reversible processes exhibited an equal peak 
separation of 116 m V and nearly equal anodic and cathodic peak currents at cathodic 
potentials. 
Table 6 shows the reduction potentials for other p-quinones as well as those of 
76.43 The ^ values were taken from cyclic voltammetry peak potentials as {E^ + 
0 (V, SCE) A E ^ O O (V. SCE) A e ° 
[ y -0.43 -1.34 0.91 [ P Y ^ f ^ Y ^ P l -0.42 -0.92 0.50 
V ^ ^ S A ^ S r ^ 
0 0 0 
0 0 0 
-0.61 -1.41 0.80 -0.25 -0.74 0.49 
^ ^ V ^ V 
O 0 0 
从 o : 化 o 
I jf ] +0.14 -0.59 0.73 
Y ^ f ( 1 if ]) -0.60® -0.8ia 0.21 
o O Q ；^^  




y I T 1 y -0.30 -0.85 0.55 
o o 
Table 6. Electrochemical data of p-quinones and tetraquinone (76). 76 shows 
exceptionally small value as compared with that of /7-benzoquinone. 
P^otentials versus ferrocenium/ferrocene couple. 
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The data show that the potential difference between the addition of the first and 
second electron was exceptionally small in 76 = 0.2 V). One of the likely 
explanations was that charge transfer occurred between the semi-quinone and the 
opposite jE7-benzoquinone unit in 76. Owing to the characteristic saddle shape of 
tetraphenylene (1) and its derivatives, face-to-face interaction may occur between two 
opposite p-benzoquinone units which facilitates the redistribution of charge. It was 
therefore likely that the second electron required less energy to overcome the 
repulsive force inside the semi-quinone. However, the actual cause of the small in 
76 was still unclear. 
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CHAPTER 3 CONCLUSION 
In summary, the synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) 
was accomplished. The corresponding 1,4,5,8,9,12,13,16-octahydroxytetraphenylene 
(52), 1,4,5,8,9,12,13,16-octahydro-1,4,5,8,9,12,13,16-octaoxotetraphenylene (76) and 
1,4,5,8,9,12,13,16-octatriflyltetraphenylene (77) were also synthesized. A 1:2 
clathrate inclusion compound was obtained between 56 and dichloromethane. In 
addition, the cyclic voltammogram of 76 showed extraordinarily small value 
between two reduction potentials. It is believed that a charge transfer may occur 
intramolecularly between a semi-quinone and the opposite ；7-benzoquinone unit in 76. 
In the voltammogram of 56，although the anodic peak for the oxidation of 56 to its 
dication was ill defined, on the return scan the cathodic peak at 五red 二 0.175 V 
representing the reduction of to 56 was well defined and clearly seen. 
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CHAPTER 4 EXPERIMENTAL SECTION 
General Information 
All reagents and solvents were analytical reagent grade. Further purification and 
drying by standard method^' were employed when necessary. All evaporations of 
organic solvents were carried out with a rotary evaporator. N M R spectra were 
recorded on a Bruker M H z DPX-300 spectrometer (300.13 M H z for and 75.47 
M H z for 13c). All N M R measurements were carried out at room temperature in 
deuterated chloroform solution, unless otherwise indicated. Chemical shifts are 
reported as parts per million (ppm) in 6 units on the scale downfield from 
tetramethylsilane (TMS) or relative to the resonance of chloroform solvent (7.26 ppm 
in the 77.0 ppm for the central line of the triple in the '^ C modes, respectively). 
Coupling constants (J) are reported in hertz (Hz). 'H N M R data are reported in this 
order: chemical shifts; multiplicity; number(s) of proton; coupling constant(s). Mass 
spectral (MS) data were obtained on a HP5989B mass spectrometer, and recorded at 
an ionization energy of 70eV. In all cases, signals are reported as m/e. Analytical 
thin-layer chromatography (TLC) was carried out on commercial E. Merck 60 PF254 
silica plates (Art. 5554). E. Merck 230-400 mesh silica gel (Art.9385) was used for 
column chromatography. Elemental analyses were performed at Shanghai Institute of 
Organic Chemistry, The Chinese Academy of Sciences and M E D A C LTD at Brunei 
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Science Centre, United Kingdom. 
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1,4,5,8,9,12,13,16-OctahydroxytetraphenyIene (52) 
To a stirred solution of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) (544 mg, 1 
mmol) in dry dichloromethane (15 mL) at 0。C was added boron tribromide (1.5 mL, 
16 mmol) slowly through a syringe. After warming to room temperature, the reaction 
mixture was stirred for 6 hours and was then poured into ice water (20 mL). The 
solvent and water were evaporated under vacuum and the reaction mixture was dried 
under high vacuum (0.1 m m H g ) to give pure 
1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) (432 mg, 100%) as air and 
moisture sensitive colorless crystals: m.p. >300。C.丨H N M R (Je-acetone, 300.13 M H z ) 
6 6.63 (s). I3C N M R (de-acetone, 75.47 MHz) 6 148.3, 125.0, 117.5. 
M S m/e (M+) (calcd for C24H16O8) 432.0840 (found 432.0849). 
Anal. Calcd for C24H16O8： C, 66.67; H, 3.73. Found: C, 66.87, H, 3.87. 
1,4,5,8-Tetramethoxybiphenylene (55)4$ 
To a suspension of lead tetraacetate (0.4 g, 0.9 mmol) in dry benzene (15 mL) at 40。C 
was added a solution of l-amino-4,7-dimethoxybenzotriazole (58) (0.11 g, 0.57 mmol) 
in anhydrous benzene (20 mL) and dichloromethane (5 mL). When gas evolution 
ceased the mixture was filtered and the solvent was removed under reduced pressure. 
The crude product was purified by silica gel column chromatography (10 g, benzene 
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eluent) to give 1,4,5,8-tetramethoxybiphenylene (55) (28 mg, 37%) as yellow needles: 
m.p. 138-139。C (lit'' m.p. 138-139。C). 'H N M R (CDCI3, 300.13 MHz) 5 3.82 (s, 12 
H), 6.39 (s, 4 H). i3c N M R (CDCI3, 75.47 MHz) 6 144.5, 130.2, 118.9, 57.1. 
M S m/e (M+) (calcd for C16H16O4) 272.1043 (found 272.1043). 
1,4,5,8-tetramethoxybiphenylene (55) from 59 
To a stirred solution of 2-amino-3,6-dimethoxybenzoic acid (59) (5.41 g, 20 mmol) in 
diethyl ether (30 mL) and tetrahydrofuran (30 mL) was added isoamyl nitrite (7.5 mL, 
56.3 mmol) and trichloroacetic acid (50 mg, 0.31 mmol). The reaction mixture was 
then stirred at room temperature for 2 hours. From the supernatant liquid the dark red 
solid was poured off, which was washed well with 1,2-dichloroethane (3x10 m L ) 
and slurried in 1,2-dichloroethane (10 mL). The mixture was then added to preheated 
1,2-dichloroethane (100 mL) at 80。€ and kept at this temperature for 30 minutes. The 
mixture was cooled to room temperature and the solvent was removed under reduced 
pressure. The crude product was purified by silica gel column chromatography (30 g, 
benzene eluent) to give 1,4,5,8-tetramethoxybiphenylene (55) (54 mg, 1%) as yellow 
needles. The 'H N M R and '^C N M R spectra obtained are identical to that of 55 
synthesized from l-amino-4,7-dimethoxybenzotriazole (58). 
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1,4,5,8,9,12,13,16-Octamethoxytetraphenylene (56) 
To a stirred solution of 2,2‘-diiodo-3,3‘,6,6'-tetramethoxybiphenyl (68) (526 mg, 1 
mmol) in dry Et20 (20 mL) was added "-BuLi (1.37 mL, 2.1 mmol, 1.53 M in hexane) 
at 0 and the reaction mixture was stirred for 8 hours at the same temperature. Then, 
the reaction mixture was cooled to -78 ^ C and anhydrous copper(II) chloride (0.403 g, 
3.0 mmol) was added. After stirred for a further 4 hours at the same temperature the 
reaction mixture was allowed to warm to room temperature and stirred overnight. The 
reaction mixture was hydrolyzed with 4 M HCl (20 ml) and extracted with 
dichloromethane (20 x 3 mL). The extracts were dried with anhydrous magnesium 
sulfate. The solvent was evaporated under vacuum to give a crude product, which was 
seperated by silica gel column chromatography (50 g, dichloromethane:diethyl 
ether=9:l eluent) to give 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) as white 
crystalline solids (52 mg, 31%): m.p. 225-226。C. N M R (CDCI3, 300.13 MHz) 5 
3.61 (s, 24 H), 6.76 (s, 8H). ^^ C N M R (CDCI3, 75.47 MHz) 6 151.2, 125.0, 111.5， 
56.9. 
M S m/e (M+) (calcd for C32H32O8) 544.2092 (found 544.2089). 
Anal. Calcd for C32H32O8： C, 70.58; H, 5.92. Found: C, 70.64; H: 5.66. 
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l-Amino-4,7-dimethoxybenzotriazole (58/5 
A suspension of ethyl 2-cyano-2-(4,7-dimethoxybenzotriazol-1 -yl)iminoacetate (73) 
(2.53 g, 8.34 mmol) in concentrated hydrochloric acid (30 mL) was heated on a 
steam-bath for 3 hours. The cooled solution was basified with concentrated aqueous 
sodium hydroxide (30 mL). After suction filtration and recrystallization from water, 
1-amino-4,7-dimethoxybenzotriazole (58) (1.1 g, 68%) was obtained as white prisms: 
m.p. 118-119。C (lit45 m.p. 118-119"C). ' H N M R (CDCb, 300.13 MHz) 6 3.93 (s, 3 H), 
4.01 (s, 3 H), 5.93 (s, 2 H), 6.49 (d, 1 H, J二 8.4 Hz), 6.65 (d, 1 H,J= 8.1 Hz). 
M S m/e (M+) (calcd for C8H,oN402) 194.0798 (found 194.0800). 
2-Amino-3,6-dimethoxybenzoic acid (59/6 
A stirred solution of 3,6-dimethoxy-2-nitrobenzoic acid (64) (21.0 g, 92.4 mmol) in 
ethanol (150 mL) at 50 °C was added 10% palladium-charcoal (400 mg). Hydrazine 
hydrate (30.5 mL, 0.34 mol) was added dropwise during 1 hour and the mixture was 
heated under reflux for 3 hours. The reaction mixture was then cooled and filtered. 
The solvent was removed under reduced pressure and the crude product was purified 
by silica gel column chromatography (ethyl acetate:hexane二70:30 eluent) to give 
2-amino-3,6-dimethoxybenzoic acid (59) (14.5 g, 80%) as white crystalline solids: 
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m.p. 96-970C (lit46 m.p. 96-9TC). (H N M R (CDCI3, 300.13 MHz) 6 3.76 (s, 3 H), 
3.89 (s, 3 H), 6.04 (d, 1 H,J= 9.0 Hz), 6.59 (s, 2 H), 6.67 (d, 1 H, J二 9.0 Hz), 11.42 
(s, 1 H). 
M S m/e (M+) (calcd for C9H11NO4) 197.0683 (found 197.0681). 
Methyl 2,5-dimethoxybenzoate 
To a stirred solution of 2,5-dihydroxybenzoic acid (60) (16.0 g, 0.1 mol) in acetone 
(600 mL), anhydrous potassium carbonate (57.1 g, 0.4 mol) was added. After refluxed 
for 1 hour, dimethyl sulfate (40 mL, 0.4 mol) was added to the reaction mixture. The 
mixture was then refluxed for a further 12 hours. The mixture was cooled to room 
temperature and the excess potassium carbonate was filtered through suction filtration. 
The solvent in the filtrate was removed under reduced pressure to give methyl 
2,5-dimethoxybenzoate (61) (18.3 g, 90%) as a colorless oily liquid: 'H N M R (CDCI3, 
300.13 MHz) 5 3.67 (s, 3 H), 3.75 (s, 3 H), 3.79 (s, 3 H), 6.81 (d, 1 H, J=9.3 Hz), 
6.91 (d, 1 H, J = 6.0 Hz), 7.24 (d, 1 H,./二 3.3 Hz). 
M S m/e (M+) (calcd for C10H12O4) 196.0730 (found 196.0732). 
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2.5-Dimethoxybenzamide (62/5 
A suspension of methyl 2,5-dimethoxybenzoate (61) (42.0 g, 0.2 mol) in concentrated 
aqueous ammonia solution (200 mL) was stirred at room temperature in a loosely 
stoppered 500 m L round bottomed flask for 15 hours. The white solid separated was 
filtered off, washed with water, and recrystallized from water to yield 2,5 
dimethoxybenzamide (62) (38 g, 90%) as white blades: m.p. 141-142。C (lit"^^ m.p. 
140。C). N M R (CDCI3, 300.13 MHz) 5 3.76 (s, 3 H), 3.86 (s, 3 H), 6.82 (s, 1 H), 
6.87 (d, 1 H,J=9.0 Hz), 6.97 (d, 1 H, J = 9.0 Hz), 7.70 (d, 1 H,J= 3.3 Hz), 7.85 (s, 
1 H). 
M S m/e (M+) (calcd for C9H11NO3) 181.0733 (found 181.0731). 
3.6-Dimethoxy-2-nitrobenzamide (63)4^ 
To a stirred solution of concentrated nitric acid (10 mL) at -10 to -5。匸 
2,5-dimethoxybenzamide (62) (1.0 g, 5 mmol) was added in portions during 25 
minutes. After the addition was completed the temperature was allowed to rise to 0 to 
5 and the mixture was stirred for a further 20 minutes and then poured into 
ice-water (150 mL). The precipitated pale yellow solid was filtered off, washed well 
with water, and dried. The solid was dissolved as completely as possible in warm 
chloroform (30 mL) and applied to a silica gel column (31 x 3.5 cm). Elution with 
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chloroform gave 3,6-dimethoxy-2-nitrobenzamide (63) as pale yellow needles (0.6 g, 
49%): m.p. 225-226。C (lit^ ^ m.p. 225-226。C). ^H N M R ("6-acetone’ 300.13 MHz) 6 
3.87 (s, 3 H), 3.90 (s, 3 H), 7.28 (d, 1 H,J= 9.3 Hz), 7.34 (d, 1 H,J= 9.3 Hz). 
M S m/e (M+) (calcd for C9H10N2O5) 226.0584 (found 226.0585). 
3,6-Dimethoxy-2-nitrobenzoic acid (64/6 
A solution of 3,6-dimethoxy-2-nitrobenzamide (63) (25.0 g, 103 mmol) in 
concentrated sulfuric acid (420 mL) was cooled to 0 A solution of sodium nitrite 
(8.0 g, 116 mmol) in water (15 mL) was added rapidly below the surface of the acid 
and the mixture was stirred and allowed to warm to room temperature during 1 hour. 
The addition of sodium nitrite (8.0 g) in water (15 mL) was repeated twice. The 
mixture was then heated to 60 on a water-bath until gas evolution ceased, and then 
added to ice-water mixture (2 L). The precipitate was filtered off, washed well with 
water, dried, and recrystallized from ethanol: water (1:1) to give 
3,6-dimethoxy-2-nitrobenzoic acid (64) (13.3 g, 82%) as yellow needles: m.p. 
193-194。C (lit46 m.p. 192-194"C). N M R ^-acetone, 300.13 M H z ) 5 3.88 (s, 3 H), 
3.90 (s, 3 H), 7.34 (d, 1 H，J二 9.3 Hz), 7.40 (d, 1 H , J = 9.3 Hz). 
M S m/e (M+) (calcd for C9H9NO6) 227.0424 (found 227.0426). 
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3,6-Dimethoxy-2-iiitroaniline (65)''^  
To a stirred solution of sodium hydroxide (67.5 g, 1.7 mol) in water (450 mL) 
3,6-dimethoxy-2-nitrobenzamide (63) (27.11 g, 0.11 mol) was added. Then a 
suspension of bromine (19.2 g, 0.1 mol) in water (300 mL) was added. The mixture 
was slowly warmed to 80 and maintained at this temperature for 1 hour during 
which time the yellow amide dissolved and a red oil separated. It was then cooled; the 
oil solidified to give a red solid which was filtered off, washed well with water and 
dried. Recrystallization from 1:1 benzene: hexane solution gave 
3,6-dimethoxy-2-nitroaniline (65) (13.31 g, 61%) as red prisms: m.p. 76-77。C (lit*， 
m.p. 76-77。C). N M R (CDCI3, 300.13 M H z ) 6 3.81 (s, 3 H), 3.83 (s, 3 H), 5.18 (s, 
2 H), 6.16 (d，1 H, J 二 9.0 Hz), 6.74 (d, 1 H, J 二 9.0 Hz). 
M S m/e (M+) (calcd for C8H10N2O4) 198.0635 (found 198.0634). 
2-Cyano-2-(3,6-dimethoxy-2-nitrophenyl)azoacetate (66)^ ^ 
To a solution of concentrated HCl (15 mL) and water (50 mL) 
3,6-dimethoxy-2-nitroaniline (65) (9.91 g, 50 mmol) was added. Then a solution of 
sodium nitrite (4.0 g, 58.0 mmol) in water (15 mL) was added dropwise to the 
reaction mixture at 5 "C. The resulting suspension was added in portions to a well 
stirred emulsion of ethyl cyanoacetate (6.31 g, 55.8 mmol) in water (30 m L ) at lO^ 'C; 
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anhydrous sodium acetate (15 g, 0.2 mmol) was added during the course of the 
reaction. The mixture was then allowed to warm to room temperature with stirring. 
The resultant yellow solid was filtered off and washed well with water to give 
2-cyano-2-(3,6-dimethoxy-2-nitrophenyl)azoacetate (66) (13.30 g, 82%) as yellow 
prisms: m.p. 187-188。C (lit^^ m.p. 187-188。C). ^H N M R (CDCI3, 300.13 MHz) 5 1.40 
(t, 3 H,J=7.2 Hz), 3.86 (s, 1 H), 3.94 (s, 1 H), 4.35 (q, 2 H,J= 7.2 Hz), 6.74 (d, 1 H, 
J= 9.0 Hz), 6.96 (d, 1 H, J = 9.0 Hz), 9.53 (s, 1 H). 
M S m/e (M+) (calcd for C13H14N4O6) 322.0908 (found 322.0905). 
Ethyl 2-(2-amino-3,6-dimethoxyphenyl)azo-2-cyanoacetate (67)''^  
A stirred solution of 2-cyano-2-(3,6-dimethoxy-2-nitrophenyl)azoacetate (66) (5.01 g, 
15.5 mol) in ethyl acetate (100 mL) was hydrogenated at room temperature and 1 
atmospheric pressure in the presence of 10% palladium-charcoal (200 mg). After 60 
hours, 1200 cm^ of hydrogen had been consumed. The solution was warmed and 
filtered and the filtrate was evaporated under reduced pressure to give ethyl 
2-(2-amino-3,6-dimethoxyphenyl)azo-2-cyanoacetate (67) (3.3 g, 74%) as orange 
prisms: m.p. 138-139。C (lit^^ m.p. 138-139。C). ' H N M R (CDCI3, 300.13 MHz) 8 1.38 
(t, 3 H , J = 6.0 Hz), 3.81 (s, 3 H), 3.85 (s, 3 H), 4.33 (q, 2 H,J=9.0 Hz), 5.43 (s, 2 H), 
6.14 (d, 1 H，J二 9.0 Hz), 6.52 (d, 1 H，J二 9.0 Hz), 13.73 (s, 1 H). 
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M S m/e (M+) (calcd for C13H16N4O4) 292.1166 (found 292.1165). 
2,2'-Diiodo-3,3%6,6'-tetramethoxybiphenyl (68) 
A solution of 2,2'-diamino-3,3',6,6'-tetramethoxybiphenyl (69) (4.0 g, 13.1 mmol) in 
concentrated hydrochloric acid (15.7 mL) and water (20 mL) was cooled in an 
ice-water bath, and a solution of sodium nitrite (2.24 g, 32.5 mmol) in water (10 mL) 
was added dropwise over 30 minutes. The mixture was then heated at 80 for 2 
hours, cooled, and extracted with dichloromethane (3 x 20 mL). The combined 
extracts were washed with 4% aqueous sodium bisulfite (50 mL), and the solvent was 
removed to give a brown solid (6.5 g). The crude product was purified by silica gel 
column chromatography (100 g, dichloromethane:hexane=2:1 eluent) to give 
2,2‘-diiodo-3,3‘,6,6'-tetramethoxybiphenyl (68) (5.1 g, 74%) as white crystalline 
solids: m.p. 104-105。C. ^H N M R (CDCI3, 300.13 MHz) 5 3.69 (s, 6 H), 3.88 (s, 6 H), 
6.84 (d, 2 H , 9.0 Hz), 6.94 (d, 2 H, J-9.0 Hz). '^ C N M R (CDCI3, 75.47 MHz) 5 
152.7, 151.4, 136.9’ 111.8, 110.2, 94.0, 56.7. 
M S m/e (M+) (calcd for C16H16I2O4) 525.9133 (found 525.9129). 
Anal. Calcd for Q6H16I2O4: C, 36.53; H, 3.07. Found: C, 36.58; H, 3.10. 
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2，2，-Diamino-3,3，，6，6，-tetramethoxybiphenyl (69) 
A mixture of 2,2'-dinitro-3,3',6,6'-tetramethoxybiphenyl (70) (12 g, 33 mmol) and 
palladium on charcoal (200 mg) in methanol (100 mL) was refluxed for 10 minutes. 
Hydrazine hydrate (11 mL, 0.1 mol) was added drop wise over 1 hour, while reflux 
continued. After 17 hours at reflux methanol was removed at reduced pressure and the 
residue was crystallized from methanol to give 
2,2‘-diamino-3,3',6,6'-tetramethoxybiphenyl (69) (7.51 g, 75%) as yellow crystals: 
m p \12-\lTC. The resulting yellow crystals were used directly in the next step. 
2，2，-Dinitro-3，3，，6，6，-tetramethoxybipheny丨（70) 
2-Iodo-1,4-dimethoxy-3-nitrobenzene (71) (28.1 g, 90.9 mmol) was mixed with 
copper (28 g，441 mmol) in anhydrous D M F (120 mL). After the mixture was stirred 
for 3 hours at 154 under nitrogen another portion of copper (28 g) was added. 
When the mixture had been stirred for a further 3 hours it was cooled and poured into 
water (1 L). The resulting precipitate was extracted with acetone for 24 hours in a 
Soxhlet extractor. Removal of acetone gave a yellow solid (9.8 g), which was 
recrystallized to give 2,2'-dinitro-3,3',6,6'-tetramethoxybiphenyl (70) (8.4 g，51%) as 
yellow platelets: m.p. 144-145。C. ^ H N M R (CDCI3, 300.13 MHz) 6 3.72 (s, 6 H), 
3.88 (s, 6 H), 7.01 (d, 2 H, J=9.3 Hz), 7.05 (d, 2 H, J=9.3 Hz). '^ C N M R (CDCI3, 
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75.47 MHz) 6 150.8, 145.2, 116.2, 114.0, 113.9, 56.9, 56.7. 
Anal. Calcd for C16H16N2O8: C, 52.75; H, 4.43. Found: C, 52.69; H, 4.51. 
2-Iodo-l,4-dimethoxy-3-nitrobenzene (71) 
To a stirred solution of 3,6-dimethoxy-2-nitroaniline (65) (2.00 g, 10.1 mmol) in 
concentrated hydrochloric acid (16 mL) and ice (20 g) at 0。C sodium nitrite (767 mg, 
11.1 mmol) in water (5 mL) was added. The mixture was stirred at 0 for a further 
30 minutes, and the cold solution, maintained at 0 "^ C in a jacketed addition funnel, 
was added over 30 minutes to a stirred solution of potassium iodide (3.35 g, 30.3 
mmol) in water (30 mL) at room temperature. The mixture was left standing at room 
temperature overnight and extracted with dichloromethane (2 x 50 mL). The 
combined organic extracts were washed successively with 10% w/v aqueous sodium 
hydroxide (30 mL), 5% w/v aqueous sodium bicarbonate (30 mL) and water (30 mL). 
The solution was then dried with anhydrous magnesium sulfate. The solvent was 
removed and the crude product was purified by silica gel column chromatography 
(100 g, dichloromethane:hexane=2:1 eluent) to give 
2-iodo-l,4-dimethoxy-3-nitrobenzene (71) (2.53 g, 81%) as yellow crystalline solids: 
m.p. 52-53"C. 'H N M R (CDCI3, 300.13 MHz) 8 3.82 (s, 3 H), 3.86 (s, 3 H), 6.85 (d, 1 
H, J = 9.0 Hz), 6.98 (d，1 H, •/= 9.0 Hz). '^ C N M R (CDCI3, 75.47 MHz) 6 152.9, 
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146.9, 145.1, 113.4，111.9，79.5，57.2, 57.0. 
M S m/e (M+) (calcd for C8H8INO4) 308.9493 (found 308.9493). 
Anal. Calcd for CgHioINCU: C, 31.09; H, 2.61. Found: C, 31.14; H, 2.58. 
Ethyl 2-cyano-2-(4,7-dimethoxybenzotriazol-l-yI)iminoacetate (73/5 
A stirred solution of sodium nitrite (1.5 g, 21.7 mmol) in water (30 mL) was added a 
warmed solution of ethyl 2-(2-amino-3,6-dimethoxyphenyl)azo-2-cyanoacetate (67) 
(6.20 g, 21.2 mmol) in ethanol (200 mL). This mixture was then added in portions 
with stirring to a mixture of concentrated HCl (15 mL) and water (15 mL) at 0 to 5。C. 
The mixture was then allowed to warm to room temperature with stirring. The product 
was filtered off and washed well with water to give ethyl 
2-cyano-2-(4,7-dimethoxybenzotriazol-1 -yl)iminoacetate (73) (5.7 g, 89%) as deep 
red needles: m.p. 185-186。C (lit^ ^ m.p. 185-187。C). 'H N M R (CDCI3, 300.13 M H z ) 5 
1.47 (t, 3 H, 6.9 Hz), 3.98 (s, 3 H)，4.10 (s, 3 H), 4.52 (q, 2 H,J-6.9 Hz), 6.77 (d, 
1 H, J = 8.7 Hz), 7.00 (d, 1 H, J = 8.7 Hz). 
M S m/e (M+) (calcd for C13H13N5O4) 303.0962 (found 303.0969). 
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l，4，5，8，9，12，13，16-octahydro-l，4，5，8，9，12，13，16-octaoxotetraphenylene (76) 
To a stirred solution of 1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) (50 mg, 0.1 
mmol) in dry dichloromethane (10 mL) at room temperature was added lead 
tetraacetate (67 mg, 0.15 mmol). The reaction mixture was then stirred for 3 hours 
and then filtered. The filtrate was dried by anhydrous magnesium sulfate and the 
solvent was removed under vacuum to provide a dark yellow solid. The crude product 
was purified by silica gel column chromatography (30 g, dichloromethane:diethyl 
ether=9:l eluent) to give 76 as yellow crystalline solids (33 mg, 67%): m.p. 
177-178。C. N M R (CDCI3, 300.13 M H z ) 8 6.91 (s). '^C N M R (CDCI3, 75.47 M H z ) 
182.8，140.6, 136.9. 
M S m/e (M+ for C24H8O8) = 424. 
Anal. Calcd for C24H8O8： C, 67.94; H，1.90. Found: C, 67.77, H, 1.87. 
l,4,5,8,9,12,13,16-Octa(trifluoromethane)sulfonyltetraphenylene (77) 
To a stirred solution of 1,4,5,8,9,12,13,16-octahydroxytetraphenylene (52) (25 mg, 
0.05 mmol) in anhydrous triethylamine (5 mL) at 0 trifluoromethanesulfonic 
anhydride (0.30 m L , 1.74 mmol) was added. The reaction mixture was then allowed 
to warm to room temperature and stirred overnight. After removal of the solvent 
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under reduced pressure the crude product was purified by silica gel column 
chromatography (20 g, diethyl ether :dichloromethane=9:1 eluent) to give 
1,4,5,8,9,12,13,16-Octa(trifluoromethane)sulfonyltetraphenylene (77) (15 mg, 20%) 
as pale yellow solids: m.p. 217-218"C. 'H N M R (CDCI3, 300.13 MHz) 6 7.26 (s). '^ C 
N M R (CDCI3, 75.47 M H z ) 8 151.4, 144.0，125.0 (q,J= 331.5 Hz), 114.9. 
M S m/e (M+ for C32H8F24O24S8) = 1489. 
Anal. Calcd for: C, 25.81; H, 0.54. Found: C, 26.02; H, 0.31. 
X-Ray crystallographic study of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene 
(56) 一 A Typical Procedure 
A fine crystal of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (56) was obtained by 
slow diffusion of ；?-xylene into a CH2Cl2:CHCl3:CCl4 (1:1:1) solution of 56. Crystal 
data for 56 • 2CH2CI2： C34H36CI4O8, = 714.43, triclinic, Pi (No. 2), with a = 
9.460(2), b 二 12.892(3), c = 15.324(3)A, a = 90.929(5), /3 = 104.420(5), r = 
110.950(4)0, y 二 1678.8(6)入3，and D^ 二 1.413 gcm'^ for Z = 2. The structure was 
solved by direct methods and refined to = 0.0488 and wR2 = 0.0887 for 5279 
observed data. In the crystal structure, molecules of 56 are arranged in a layer 
matching the plane (020), and between such adjacent layers lie the CH2CI2 solvate 
molecules. C C D C reference number 189269. 
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• CHAMNEL M ••••••• 
HUCl 13C 
PI 3.00 usee 
PLI •6.00 d8 




PCP02 100.00 usee 
PL2 丨20.00 08 
PL 12 19 .00 dB 
SF02 300.1315007 MHz 
rz - Processing p«r»Mters 
SI 65536 
SF 75.4676643 Mil 
MOM EM 
SS8 0 
LB 3.00 m 
G8 0 
PC 1.40 
10 WR plot ptrtaeters 
a 23.00 cm 
n ftp ？?0.000 pp« 
I F1 t6602.B9 m 
^ J I rap -20.000 wm 
^ * ‘^ 1 V r? MM9.35 W 
PWCH 丨0.43478 pom/cm 
^ 乂。 〗‘。 s'o r — “ “ _ ， 
：P. 9 5 ， 
i 
OMe OMe 
Q (u m ^ ^ ^ ^ Current Daia Parameters 
e Jg S 5 丁 丁 NAWE tMpnen 
Q • I I PXPNO 1 
。 卜 ① OMe OMe »咖 > 
F? • Acouisition P«P8»eters 
Dale. ？OOlO?Og 
CC 12 <8 
O � IKSTRUM. 00X300 






S»fH 8992 .606 HZ 
FloaCS 0 274439 K2 
AO 1.8219508 « C 
AG 362 
DN 55 500 usee 
D£ 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
CHANNEL M ••••••I 
NUC： 1H 
Pj 4.50 usee 
PU -2.00 dB 
STOl 300 1313000 MMJ 
F? - Processing oar^ neters 
51 32768 
S^  300 1300052 mi 
EM 
S5B 0 
LB 0 30 « 
G5 0 
PC 1 00 
JO NMP olot paraiieiers 
:x 23 00 c» 
FlP 10 OOO D0« 
Fl 3001 30 K2 
JL •OMODD_ 
• F? -150 07 H； 
1 i j I P«>MCV 0 45652 DO«/c» 
\ / \ hZCk 137.01587 H2/c» 
- o, ‘一： 
10 o' ；叫 
oi in. Z ©; -I 
W • I 
c — m! 
, ’一 ,一r : • r , t T : , . . ，，1..，. .. - . - - ： • ' . 
DDtn 9 e 7 6 5 4 3 2 1 0 
Current 0«t& Pdramtters 
NAMH 18M5J13 
EXPNO 1 
O) r, rr o r^  n o 叫OCMO \ ro o r\i CT fv e iT) — o^  m — 
a • o CD r^ ' ID in f"^" - Acou]Sit)on Parameters ， n 一 i^r^r^if) Date 20010413 
一 T T I I , 2?.54 丨丨 \ / IK'STRU*^  00*300 






SwH 2?675.736 Hz 
PI ORES 0.346004 H2 
ikC 1.4^ 51168 sec 
RG Bl» 
Dh' 22.050 usee 
0= 6.00 usee 
TE 300.0 K 
D! 1.00000000 sec 
c n 0 03000000 sec 
…••••••••. CHANNEL M  
MOCl 13: 
Pi 3 00 usee 
PL 1 -6 .00 oB 
sroi 75. mm2 
CHANNEL fZ  
CP0PR52 «alt2l6 
NUCtf IH 
PCP02 100 00 usee 
Pl? 120.00 SB 
PU2 19 00 dB 
5F02 300.1315007 mz 
r? • Processing parameters 
SI 65536 
SF 75.-8677520 mi 
tfOM EM 
55B 0 
LB 3.00 W 
GB 0 
PC 1 40 
ID _ Plot para»ciers 
CX 23.00 CB 
FIP 2?0.000 PD» 
I fl 16602.90 HZ 
, i r?p -?o 000 op« 
‘ I -' I i r? -1509.36 Hi 
POM'JM 10 43^78 OD"/c» 
r^^ hZCh 787 46256 H//cr 
‘ ？00 • '.i'j ；00 5： 0 P Q o 
MeO \Jr OMe 
〜 Me〇 OMe 
^ OD MeO V '/ OMe IvrrtM D*U Par••cleri 
S S S N械 丨*丨沾 
o 〜 r ^ ” <々 〔x»«0 » 
Q r. ID S o PftOCNO i 




pnooic 5 M Ou«) 13 
PULPROG '9 
TO 3:7bO 
SOLVtMl CDC 13 
KS 0 
DS 0 
SM( B992 OOfe iU 
nORES 0 ？7-439 
AO I 021»00 »et 
RC * 
OW bS 600 ust 
D£ 6 00 ov 
IE 300 0 K 
01 、 1.00000000 St; 
…………Channel I i ••• 
tfUCl ”• 
Pi 4 SO Ui PU -2 00 00 
SFOt 300 O»?000 m 
FJ - Processing p*r»i*lcrs 
SI 
ST 300 l3000bS MM 
HOW 【M 
SSO 0 
Lfi 0 30 »U 
GO 0 
PC J 00 
10 Nxn ploi pariifceifrs 
CX ？3 00 c» 
FIP JO 000 pp 
1 n 3001 30 »； 
I _J[ A rep -0 500 pr 
‘ ‘ f? -ISO.07 W 
A] I PPHCM 0 pr 
/ \ iUCH 137 01507 iu 
： ；z ^ 
S cn 
c d 
• .. , ••_•• I i"r r*rT-fi-» • i-t-fi-f- f >T-ri-i—t-niT-i i-i-r-
T”.....0……、 B ^ 1 
CuTent Datt P»r.»eter， 
name o»t_C53 
EXPNO 1 
PRXNO 1 o rn f^  O to O § — ru <V O O r^  JQ 
e — © m -C ru o in cp f 2 - AcouisiDon Pari»eters 
g r t S : f： ；： fS S ？0011129 一 T 7 I I I I . 10.35 
I U ； IKSTRUM �DOO� 
1 N v K PR09H0 5 雑 Ou«l 13 





5WH 2?675.736 H2 
F3DRES 0.346004 H2 
AC l.44M]Be sec 
R6 BIS? 
ON 22.050 uSffC 
or 6 00 usee 
T£ 300.0 K 
Di r00000000 sec 
O U 0.03000000 sec 
…………channel M…… 
WJCl 13C 
PI 3.00 usee 
Ptl -6.00 dB 
‘ gcoj 75.4745111 HM2 
CHANNEL a  
CP0P«G2 
NUC2 IH 
PCPD2 100.00 usee 
Pt2 1?0.00 OB 
PUIS 19.00 OB 
SFD2 300.1315007 mki 
F2 • Processing o«rai»eters 
SI 65536 
SP 75 4677i99 kk2 
hOW EM 
S5B 0 
LB 3.00 KZ 
GB 0 
PC 
1 10 MHR plot oaraaieiers 
CX 23 00 CB 
FlP Z?0.000 PO, 
丨 16602 90 H2 
r?P •？0 000 pp« 
I 」 7 1 .… _ I P, -5509.36 H2 
— -"I "" • ‘ “ - - 丨 一 � “ 一 — ？ - PPHCM 10 0^78 
HZCK Ze? .48556 fU/zm 
Dom 200 :5C 100 50 0 P , ^ " J 
- r •••. • , ；, 
t ,•• • • . .' • , . . ••.•,, , • • +:....•.. • • .,..•.:...•. . .••.•. . . •身.. t • 
• .. ；... . . : . . ； •  ••••.； ：； • ： . . . . . . . . 
OMe OMe 
OMe OMe 
^ ^ ^ ^ ①一 6 8 Current Data Parameters 
I g 8i S S ® S name 
§ ui “ ui m EXPNO 1 
I I I pnoCNO I 
) { ( F2 - AcQuisition Par alters 
D a t e . 20010813 
Tine 21.07 
INSTRUM 001300 
PnOBHO 5 M Ouil 13 





SHH B9S2.806 HZ 
FTORES 0 274439 Hi 
hQ 1.B219508 sec 
RG 
DM 55.600 usee 
OE 6.00 usee 
TE 300.0 K 
01 l.OOOOOOOO sec 
............CHANNEL fl 
NUCl IH 
PI 4 50 usee 
PLl -2.00 dB 
SFOl 300 1312000 mm2 
F2 - Processing D«r8«eters 
SI 3276B 
SF 300.1300063 mz 
MOM EM 
S5B 0 
LB 0.30 MZ 
G6 0 
PC 1.00 
ID NMfl plot paraneiers 
CX 23-00 c« 
FIP 10.000 poa 
I I 丨 fl 3001.30 HZ 
• JU l F2P -0 500 poii 
,11 11 11 •150.07 HZ 
J \ \ 八 八 PPHCM 0 <5652 OTM/C, ， / \ /oYcdI HZCH 137 01587 Hi/cm 
& •。ffl rv rj i 丨 o cn O O ？ i . • . 之 I — o |rn m 
r^- … ~ r - I … I … ： ~ ” 厂 ， r ~• ~厂 " T ” 广….，j- 
DDm 9 8 7 5 5 4 3 2 1 0 
Current Data Parameters 
NAME 131G1_C13 
EXPNO 1 
cn m oD — r^  r^  rvj®， \D WOCHO \ irt n fN. —一 n CM CT» r». o^  
8 s -w m ® ( M O to _ S. . . . F2 - Acquisition Par suiters 
K 2 S 5 S fS s Date. 200108:3 
Vl j K ) ！ INSTRUM 00X300 
\ I \ / PR06H0 5 tm Dual 13 





5WH 22675.736 Hi 
PIORES 0.346004 HZ 
AO 1 4451186 sec 
K 8192 
DM 22.050 usee 
re 6.00 usee 
TE 300.0 K 
01 l.OOOOOOOO sec 
Oil 0.03000000 sec 
CHANNEL M 
NUCl 13C 
Pi 3.00 usee 
PLl -6.00 08 




PCP02 100.00 usee 
PL2 120.00 dB 
P U 2 19.00 dB 
SF02 300 1315007 mmz 
F? • Processing oaraneters 
SI 65536 
SF 75 4677610 MM/ 
KOM EH 
SSB 0 
LB 3.00 M2 
丨 GB 0 
PC 1 40 
ID NMO plot par a l t e r s 
CX 23.00 CI> 
rip 220 000 00* 
I Fl 16602 91 M2 
I I F?P -?0.000 0P«    
. J] I 11 I I i P? -!509.36 HZ 
PPHCM 10 43478 ODH/C_ 
r^  : ” ” , . ^  _______ ’…产门—，, ,，，-’ r江M 16952 H2/C» 
DDm 200 15>。 10。 5。 6 P 
-、•一• •、 ,-,• ：二〜..一二-- ‘ - , , - , - . • • 
•• - - % • 丨丨丨 1 . |_ • - 一-•- —— 一 . * * - - - -' • — - „ 
OMe OMe 
T NO2O2N T 
OMe ‘ 1 OMe 
7 0 CufT*ni Dal* P»ra»eters 
e S S R R! 5； s T： 碟 〗•口 1 
7 7 7 T pflocNO 1 
\ \ ^  、 F2 - ACQuiSition Ptrtmttrs 
‘ c u t e 20010830 
TI<K" M M 
iNSTfUM 001300 






SMH B9S2.806 MX 
FIORES 0.274429 W 
AO 1.8215506 sec 
RG 574.7 
Ow 55.600 usee 
0£ 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
_«_••_•_•»•• CHAMCL U 
NUCi IH 
PI 4.50 usee 
PLl -2.00 OB 
SFOl 300.1312000 MHi 
n • Processing pariBeien 
SI 3276B 
SF 300,1300057 mhz 
MOW EN 
SS8 0 
LB 0.30 « 
G8 0 
PC 1.00 
10 NMP plot MP»«eier5 
CX 23.00 cm 
FlP 10.000 DO* 
n 3001.30 Kz \ J\J[ F?P -0.5CK) D0> 
U ^ ~‘““ F2 -150.07 HZ 
J I j III P P H O 0.45552 OOwUcm 
/ \ / V \ H2CM 137.0:587 H2/c» ？ f§ ； ^ 
^ O ho JC 2 0|0i ® 
5 二id fM f\i 
Kir' • 9 • "a 7 6 ” ' s' ~ " i 3 2 1 0 
Current CUti P»r»«eters 
NAME l« 1103 .CI 3 
exPNO 1 
® 01 m OJ CT» m TT o rs. U3 CD I 6 0 ) 0 O*"**" CNJ O O � iH CO S — <M o cn T cj o m C3 
§ o ui ^ m � �r ： ui ^^  - AcouiSKion "ara^ier, 
m ” 一一 r^  rv if) m Oate. 200?07C2 
7 7 7 I • [ I ] T|«e 23.27 
i 丨 \ 丨/ \ / INSTPUN ao«»0 
I I ] f ^ Y P^OSHO 5 • Dual 13 





SWH 22675.736 nz 
FIORES 0.346004 Hz 
AO 1.44M13B sec 
«G U 5 M 2 
£W 22 050 usee 
OE 6.30 usee 
r£ 300.0 X 
.01 I ooooocoo see _ 
• •• - a n 0.03000000 sec 
• CHANMEL M 
NUCl I3C 
Pi 3 00 usee 
PLl -6 00 08 




pcpoa too 00 ustc 
Pt2 120 00 sa 
P U 2 19 00 08 
Sf02 300 1315007 mhj 
F2 - Procsssing oarsaccers 
SI S5525 
SF 73 4677<99 mm* 
ssa 0 
l3 3 30 
： ca 0 ！K 1 40 
10 NMfl oloi oarwters 
CX 23 :0 ：» 
eiP 2?0 SCO DO* 
I n 16602 90 Hi 
I y i F2P -?0 OCQ 30_ 
. ^ - I - - • .j j . -•」L 丄 I � 、 ..,丨 J -丨 I -- - - “ 1509 35 
t/! y j^t -
iq™, ‘ • _ 
？00 IV； Kjd -X 0 P Q Q • . ‘ ‘“ • • .• . . ^ 
OMe 
j V ' 
OMe 
CD 05 o o U3 7 1 t^ rreni [Xta P.raiKters 
s g S g S £ o '"6" 
Q . "： . • • • EXPNO 1 Q lO in in U3 mm 
,, •⑷ . 
/ )f FS - 4CQuisil}on Parageurs 
Date- 200106?8 
Tine 10 28 
INSTRUM 0dk300 
PROBKO 5 nt Ou4l 13 
PUlPflOG 
TO 32768 
sex VENT C0C13 
NS a 
05 0 
SMH 8992.806 hi 
nones 0 274439 MZ 
AO 1.B219508 sec 
RG 101.6 
DM 55.BOO usee 
D£ 6.00 usee 
T£ 300.0 K 
01 1.00000000 sec 
channel M 丨 
NUCl IH 
PI 4 50 usee 
PLl -2.00 flB 
5F01 300 1312000 mhi 
F2 • Processing o«r»iwters 
SI 32768 
, SF 300 1300060 m z 
MOM EM 
SSB 0 
LB 0 30 m 
G6 0 
PC 1 00 
10 nkS 口lot [>arai»eters 
CX 23 00 C« 
FIP 10 000 DDI* 
I I Fl 3001.30 HZ 
X , Fpp -0 500 DO, 
" J ^ ； r? -150.07 HZ 
Jl U PPMCH C <5652 00«/c« 
. L U L \ 537 0,587 Hz/c. 
OICT) 'OO, I . I . I • i -I 
c ！-丨 o! 
「 r ， • . f ,.’，-•.’, T’..- , , ： ..-,-,-r-r i-「.，•. . — ' . . ’ - •； i . ' ' T ‘ ‘ ' ' 
Dom 9 B 7 6 5 4 3 2 1 0 
NAHE Iai67ijci3 
EXPNO 1 
^ CD iD O O) O lO PROCKO \ 
in rvj f\j •"fn co fu o r-. lO o^  
I -： 臂.�- rr 7 o ^ ~ o, F2 - ACQUIS.tion P»r，《t»rs 
专！5 口 = ^ F： ；^  S S； S 0»te. ？OOlOBJB 
7 7 7 T 7 I I I I I I 10 32 





5HH 22575.736 HZ 
FIORES 0.346004 Hz 
AO 1.4451188 sec 
RG B132 
DW 22.050 usee 
DE 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
dll 0.03000000 sec 
............CHANNEL M 
Nua 13C 
PI 3 00 usee 
气1 -6.00 aB 
SFOl 75.4745111 MHZ 
…………CHANNEL *2 
CPOPR62 “1:2 化 
NUC2 I" 
PCP02 100.00 usee 
PL2 120 00 OB 
P U 2 19.00 OB 
SF02 300.13S500： MHz 
I F2 • Processjng oarapeters 
51 £5535 
SF 75 4677555 mmz 
I WOM 
SSB 0 
LB 3 00 HI 
GB 0 
PC l.<0 
10 MMR plot oarageIe"S 
CX 23.00 c_ 
M P 220 000 OP* 
Fl 16&C3 91 M? 
F?P -20 000 oo« 
— I , I _ t. � . - --,^F? -:50S 35 Hi 
PPKCH 10 76 PO«/C« 
r^  hZCH 丄87 Mi/cm 
•一 • I ，. , 1 , _ , , . . , 一，^-r— — « f . • . r . ' ' —- • • • . •• . . -. . ^ , , i • "‘ ^ 
。。m 200 ，5。 ：。。 50 0 p IQQ 
-"•、._:•.,,、�•v . J • . • 微 、 
Current Oata f>»r»»eters 
o 二 nah€ tetrwuinont 
I (S 5； ^ y EXPK) » 
a 〜- X — ‘ 
I 0 J V 0 • uoujsilion Parwte'-S 
i o A = A o 二- 二 
j INSTPIX 00*300 
PROBhO 5 _ Dual 13 
PULPTO �9 
I TO 3?7sa 
• ^  StXVENT C0:i3 
NS B 
DS 0 
SMH 8952 606 HJ 
riOPES 0 274^29 MI 
AQ J.B2:95C8 $« 
RG lC<i 
OX 55 5CC usee 
D£ 6 00 usee 
TE 300 0 K 
Dl 1.O0O00C00 sec 
Chamn£L fl  
NUCl … 
PI 4.so usee 
P u 00 oB 
SFO： 300 i3:200C mhj 
72 - Processms aarjweiers 
SI 3276B 
S? 300 1300066 
MOW £H 
5SB 0 
LB 0.30 HI 
G8 0 
PC I 00 
1C nmp olot oarmters 
CX 23-00 C« 
f ;P 10.000 00» 
, 300 ： 30 MZ 
I ？?o -0 500 ooa 
^ A 人 ‘ ？2 -15C.07 K2 
I i POHCM 0 ^^ StZ 00«/C» 
/ \ H Z X 137 0!5S7 Ki/cw 
I »Ot 
！g丨 
> 0 ！ 一 
、〜 . 一 . - . - • ‘ 
OD^^― a ；. • 6 5 - 3 2 > 0 
NAH£ tetPM^J3 
EXPNO 1 
一 A 一 PWOCNO J 
. o § s ssss 
5. ° 臂• * ^ � � F2 - AcQutsitlOA Parmters 
^ rJ o ^ ？： ?： P： S Oate, 20010S25 
2 — — , I , . 0.39 
/ / INSTRUM flO*300 
PP03H0 5 aa Ouil 13 





SHH 2267； 736 HZ 
FIOPES 0.346004 HZ 
AO i.i^SnBB sec 
AG 9:95 2 
Dw* 22 ！JSC usee 
OE 5.00 usee 
TE 300.0 K 
01 1.00000000 sec 
. o n O.C3000000 sec 
ChannCL M … 
MUCi i3C 
PI 3.00 usee 
Ptl -fi 00 06 
SFOl 73 4745：J1 w z 
•尊CKAXMlL 12 
CP0PRG2 MlU S^ 
NUC2 IH 
PCPC2 100.00 usee 
pl2 120.CO ae 
? U 2 19-00 SS 
SF02 300.：3：5007 ^ 
F2 - Processing o«raacters 
51 £5525 
Sr 73.^ 677499 •^ hi 
NOW 
SSB 0 
L9 3.CO HZ 
G8 0 
PC 1 <0 
10 NHfl Plot Oirtmttn 
CX 23.00 C» 
f IP 220.000 D0« 
Fl 16602 SO HI 
1] F20 -IC OOC 30« 
S^^ I J [ > 丨 -- - J - ” -754 58 Hi 
^ ^ ‘ I I I_I_ • •‘ - I "‘ ""‘ ‘ —• ••••I •--I 、-,•_ PPWCM to 00030 30«/c« 
Ht'CM ” 
Iq … ， . — ‘ • - • 一 ， , 一 
200 160 u o .-CO 00 5C 《 ？0 0 P 101 A • 
., •.• - -.、， -A • , 
m o to 03 ru oj 
, , I I 二 — ， ： 
Y F2 - Acquisition Parameters 
‘ TfO \J/ OTf 【nstpum dpx300 
PP08H0 5 iw Oual 13 
PULPWG Z9 




SMH 的92.306 »Z 
F[OPES 0 274439 MI 
AO 1 8219508 sec 
RG 45.3 
OH 55.500 usee 
OE 6 00 usee 
rE 300.0 X 
01 1 00000000 sec 
\
............ CHANNEL fl • … — 
NUCl IH 
PI 4.50 usee 
PU -2.00 aa 
SFOl 300.1312000 MMZ 
F3 • Processing oaraaeters 
SI 32768 
• SF 300 1300055 Mmj 
MOW EM 
ssa 0 
\ ta 0.30 HZ 
\ Ga 0 J \ PC 1.00 
10 NHfl olot oaraweters 
CX 23.00 ca 
F!P 10.000 0D» 
Fl 3001.30 HI 
j乂 F2fl -0.500 t)P« 
P2 -150.07 HZ 
U PPMCM 0.45652 00«/cn 




...g a 7 6 5 4 3 2 i 0 
uurt.vm u«v« �《••«、《* • 
NAM6 la 丨 102j:i3 
EXPNO I 
CO — cn 一 — om 7 o OJ 丨 
7 “ ® . . T • • • • F2 - Acquisition Parameters 
S ？ m Ki Si 2 2 K： ^  S g Date- ？0020524 
—” 抑 10.39 
\ \ / / INSTRUM dpx300 
^ ^ PR08HQ 5 wm Oual 13 
PULPROG zgoc 
TO 65536 
SOLVENT C X 1 3 
NS 372 
05 0 
SXH 22675.736 Hi 
FIDRES 0.346004 Hi 
AO 1.4451168 sec 
RG a132 
OW 22.050 usee 
06 6.00 usee 
TE 300.0 K 
- 1.00000000 sec 
dtl 0 03000000 sec 
............CHANNEL M 
NUCl 13C 
PI 3.00 uSBC 
P U -6.00 d8 
SF01 75.474511丨 MHZ 
CHANNEL f2 -
. cpoppca M4UZ16 
NUC2 IH 
PCP02 100.00 ustc 
Pt2 120.00 da 
P U 2 19 00 fl8 
SF02 X O . 1315007 MHi 
F2 • Processing o•广antters 
SI 55536 
SF 75 4677583 
MON EM 
ssa 0 
LB 3.00 HJ 
GS 0 
PC 丨 ‘0 
10 NMR Olot o«rdaeters 
CX 23.00 CP 
M P 220 000 00" 
, Fl 丨6602.91 HZ 
F2P -20 OOO 
. . . . … 」 _ I 1 . 1 1 I - - . - - _ . . . . , - … . - - . . - • ” -1509.36 Mi 
‘八 -二 -」”-’---:----一」-------- “‘ - PPMCM 10 0 4 78 00'*/cm 
-^CM 4896? Mf/c-
1 - • — — - , . . . . . . . . . . - • - • . 一 一 ‘ * • • . . . . 




I ^ ^ ^ OMe Current Oati Par ante lers 
S S S o § ^ i NAH£ 14167 
I e """ o <7； expno 1 
Q rv u3 lO io tf^ 臂 m ooftrwn i 
U ； \l 58 _ 
\ \ / \ / F2 - Acauisilion PaPd»eiers 
”I Date一 20020413 
Tim 15 38 
INSTOUH 00>300 






SMH 899? 906 HI 
riOPES 0 274439 Mr 
AQ \ 0210508 sec 
RG 2^ 6 
Ow 55 600 usee 
] 0£ 6 00 usee 
I TE 300 0 K 
I 01 1 00000000 sec 
…………Channel t \……• 
NUCl IH 
PI 4 SO usee 
PL 1 -2 00 08 
5F01 300 1312000 hh; 
F? - Processing o*r««etePS 
51 32768 
SF 300 丨 300060 m i 
iK)w EM 
SSB 0 
LB 0 30 H/ 
C8 0 
PC t 00 
10 NHR OIOC o^ rjineters 
CX 23 00 c« 
FlP ！0 000 00纖 
I I f\ 300 1 30 H{ 
/ IJJ A yV -0 500 00« 八 F2 -150 07 Hi 
Ml )\ I PPMCM 0 <5552 
\ / \ HlCH W 01507 MJ/C« 
- O O f- 21 
？ 8 s S § 5 ？ g § g O O ？ —一 rvil m 
______ I - I •• I••一 T-r^-f—p-
f。广’ T — T — — 、 s 5 广 3 2 1 厂 
-.^ Ljg.j ... ,，’•,[ •»> - 1 - — .. . • • . 
OMe 
00 in oi tn ru oi as OMe Current Data Parameters 
g ^ oj 03 ^  if) o o ® 、 name ！a:69 
g f^  03 U3 U3 UD to f^  £XPN0 1 
二 i • ' y ; J i j 59 f«0CN0 i 
j >1/ \ / \ ！ F2 - AcQuisition Parameters 
‘ “ o«te 20020413 
Time' 16,03 
INSTPUM CD*300 
PROenO 5 Dual 13 
PULPPOG 19 
TO 32768 
St^ veNT C0C13 
NS 16 
OS 0 
5WH 8992 S06 Hz 
FIOPES 0 274429 Hi 
AO 1.8219508 sec 
RG 32 
OW 55 500 usee 
OE 5.00 usee 
TE 300.0 K 
01 1 OOOCOOOO sec 
• CHANNEL M 
MUCl 
p] i.50 usee 
PH -2.00 oB 
SFOt 300 1312000 **<z 
F2 - Processing oarameters 
SI 32758 
SF 300 1300063 MMZ 
HOW EM 
SSB 0 
IQ 0.30 HI 
G3 0 
PC 1 00 
10 NMfl Dloc oara»e:er5 
CX 23 00 c» 
fIP ！2 000 DO" 
k| F l 3501 56 M： 
\ U F2P -0 • 500 0 0 . 
—^ F2 -150 07 HZ 
I ； i I / i / 11 ； PPMCM 0 5048 tJD«/C« 
丨’、J \J /。\ /M …… 
‘ 」 “ - … P. 103 、�' - — I.I—. ‘ ^ •• ODm g 5 4 2 0 
OMe 
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Ti»e 18 
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SWH 8992 806 H： 
FIOPES 0 274439 MZ 
AO 1.8219508 sec 
AG 32 
DM 55.500 usee 
OE 6.00 usee 
TE 300.0 K 
Ot 1.00000000 sec 
塞•••••• f 1 雷 
NUCl IH 
Pi <.50 usee 
PLl -2 00 38 
SfOl 300.1312000 m z 
F2 • Processing D«ra»eters 
51 32768 
SF 300.1300055 mmz 
MOW EM 
SSB 0 
LB 0.30 HZ 
G6 0 
PC I.00 
10 NHfl plot paraaeters 
CX 23.00 CB 
FlP 10.000 ooa 
I , Fl 3001.30 HZ  
y F2P -0 500 PP« 
“ ！, I., ,n,,, -150 07 H2 八 yl 八 / 1 PPmcm 0 43552。p_/c, 
/\ / y \ A HZCH 137.01587 Hi/cm 
J g |sb| IS § 2] ^ O ol'^ o in ml «| o o i — uf) iD IT) j S . ‘ -I S — —I— |fn rn|m| 
r"^ .Ill~r-m I • … I • ； j ‘~ ~‘“ ‘ “ 1 • ~‘~ 
DDm g 9 7 5 5 4 3 2 1 0 
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I SSSJSSSSSSSS^ SfS J^C02NH2 =•二 lai^Y 
r^' r^' r^" ijO lO lb id uo U3 lO 丁 7 j| ^^^ ^ 
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OMe Date. 20010912 
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SWH 8992.306 HI 
fIOfl£S 0 274439 HZ 
AQ 1.821S508 sec 
ac 64 
OM 55.500 usee 
OE 6.00 usee 
TE 300 0 K 
01 ！ 00000000 sec 
CKANWet ft……. 
NUCl IH 
Pt 4.50 usee 
Pu -2.00 oB 
SFOl 300 1312000 m z 
F2 - Processing aarawters 
SI 32758 
SF 300 13O0CS0 hmz 
MOM EX 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
10 NHR plot Daraneters 
CX 23.00 ca 
FlP 10 OCO 30» 
I . F l 200! 30 HZ 
__i [} F2P • 500 00« 
. ~ ^ F2 M 5 0 . 0 7 H2 
:I八 111 j /\l\ PPMCM 0 45652 w/Cfi 
？ _.。L\ 丄 / LU hzcm •‘则…， 
^ O CD. 丨miO| hf2 
5 OiO 丨 丨一！一. 们 I 
� 一.—1 i •�• 
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SHH 8992 806 Ht 
FIOAES 0 27ii39 Hi 
AO 1 B?19608 sec 
RG 256 
OW 55 600 usee 
DE 6 00 usee 
TE 300 0 K 
01 1.00000000 sec 
Channel f1 
MUCl IH 
PI i 50 usee 
PLl - 2 00 ae 
STOl 300 1312000 mm2 
\ 
F? • Processing p^raaeiers 
SI 3?768 
SF 300 1300067 MHI 
MOW in 
S56 0 
IB 0 30 Hi 
G8 0 
PC 1 00 
10 NMfl plot D'raneiers 
CX ？3.00 c« 
fIP 10 000 00* 
I I Fl 3001 30 M2  
__JK J\ 人 -0 500 口 
\ / \ PPHCH 0 45652 DO./c. 
\ / \ HlCH 137 015B7 MZ/C« 
— o — CD cn 
<0 o o 〜 r u 
^ O O O o ？ O O O o 
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\// V • L 2 _ ' 
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5 4 Oace, 20020415 
U m e 丨a 30 
INSTPUH 301300 






SKH 3992 a06 HI 
FIDRS 0 27<J39 m 
xQ \ 8219506 UC 
ac 1 
Ow 55 600 usee 
0£ 0 00 usee 
TE 300 0 < 
ot I 00000000 sec 
…………CriAftNCL t t……. 
NUCl … 
* 50 Uitc 
Ptl -3 00 aa 
SFOl 300 1312000 
F2 - Processing a4ri«<iers 
SI 32?6a 
SF 300 130006； 
nOM 
SSB 0 
t8 0 30 m 
G8 0 
PC 丨 00 
A 10 mhA 0101 oaraaeters 
II \ CX 23 00 c» 
/ \ FtP 10 000 DO* 
I fl y \ 丨 “ 2001 30 HZ 
IW IV. 7 V i、、 F3P -0 500 30« 
F2 -itJO 0? »i 
j \ )\. PPHCM 0 43653 OU«/C« 
- / \ / \ rt江M 13/ OltJtJ/ MI/C-O O fs. o> � O Ai 03 O O O O O - O O O O 
―一 m rn v 
,… P. 105 
r ‘  | ' • •^门“^‘厂 r . 厂 r r 門 ’ -, .. • • • • ‘ | ！‘‘‘‘ L _ 9 e 7 5 5 4 3 2 1 0 
. . . 
OMe 
OMe 
o ID uo rv n n Current Data ParaiKeters 
t ！5 fi； ：： 2 2 S 5 6 5 n.M€ U . 
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v \/ I V •⑷ ‘ 
]( ]( ； F2 - AcQuisition Parameters 
Date. 20001213 
U m t 20 36 
INSTPUH dox300 






SHH 8992.806 Hz 
FIOPES 0 274439 Hz 
AO 1.8219508 sec 
RG 90 5 
OH 55.600 usee 
OE 6 00 usee 
TE 300.0 K 
01 t.00000000 sec 
............CHANNEL M ••••••• 
NUC1 IH 
Pi 4.50 usee 
PLl -2 00 08 
SFOI 300.1312000 MMI 
F2 - Processing o»ra«eters 
SI 3276B 
SF 300.1300052 mhj 
WOW EM 
ssa 0 
LS 0.30 HZ 
Ga 0 
PC 1.00 
10 NXfl Olot oaraMters 
CX 23.00 c« 
FIP 10.000 DOS 
I F1 3001.30 HI 
一 11 Ij jV F2P -0 500 ODHi 
_ , • 1 , i ; F2 •150.07 HZ 
丨 \ 丨丨 P P M O 0 i5652 oom/cm 
一 o IP N ^ r 』 H Z O J37.01587 H z / c . 
？ o cn ml 〜 
a O ol ：；：| = 
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S 丨 丨 — I f 一I 丨 
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I I II I oate. 20020418 
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5wh 8992 806 MZ 
？IDPES 0.274439 hz 
&Q 1.8219508 sec 
RG 220 I 
QM 55 500 usee 
3E 5.30 usee 
T£ 300.0 < 
t.00000000 sec 
• •…•……CMAW^L M 
W^Ct 
4 50 usee 
Ptl -2 00 ae 
SFQI 300.1312000 
？2 - Processing oara^eters 
SI 32763 
SF 300 1300063 MHr 
HOW EH 
ssa 0 
t_a 0 30 H2 
G8 0 
PC 丨 00 
10 NMP 3lot Oirameters 
CX 23 00 cm 
j I FlP :0 000 00* 
I I fl n 3001 30 MZ 
I I I k M .'J � -0 500 PD-
、^ 八 F2 -150 07 HZ 
i ； !1 ； I yijv I \ PPMCM 0 的652 00«/C« 
U / \ /J\ 丨i -
R 106 — . • — _ _ _• • — " _ _ — _•» • »—» —• ^ m - — 
1 .、 〜 r . 一 ， — - ' - • ‘ ‘ • -
OMe H 
� 6c、=cEt 
m o in OJ r^  r^  对 〜 S S 安 Current Oata P，r，<««prs 
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^ 2 . I J • ' i t i l PWOCNO 1 
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SMH 8992.806 HZ 
FI DOES 0.274439 HZ 
AO I 62:9508 sec 
RG 54 
OH S5 600 usee 
OE 6.00 usee 
TE 300,0 K 
01 1.00000000 sec 
............CHANNei M 
NUCl IH 
PI 4 50 usee 
PLl -2 00 oa 
SFOl 300.1312000 
F2 • Processing para^wters 
SI 32758 
SF 300.1300066 m z 
WOW £M 
SSB 0 
LB 0,30 HZ 
G8 0 
PC 1 00 
10 NHfl olot oarameters 
I CX 23 CO c« 
J I FiP 15.000 00_ 
I I \ I F l 4501.55 HZ 
i I K ) { “ J l F2P -0.500 0D_ 
- A Z ‘ . . P2 -150 07 MZ 
n 八 八 / 、 / | \ 八 PPMCM 0.5739: 00,/c^ 
A A . U.公 si H似 
: iS § §; s S- S o； i 
J O 0 | ©i oi © o o ® 
* O .11. _ 
互 “ —.i叫 f\j丨 fM m m. rn 
,,..,• . • . I . I • I. — I I.I • • • • I ‘ ‘ ‘ ‘ • , 
DOtn • '14 1,2 • 10 8 6 4 2 0 
OMe M_<C02Et 
& 
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— — SWH 8992.306 MZ 
—••‘ PIORES Q 27d42S Hz 
AO l.B2t950B sec 
AG 22S.! 
OH 55.500 usee 
OE 6 CO ustc 
TE 300 0 K 
01 1.OOOOOOCO sec 
CHANN6L fl 丨》••塞_ 
NUCl 
PI 4.50 usee 
P U -2.30 08 
SFOl 300.1312000 
F2 - Processing parameters 
SI 32753 
Sr 300 .1300066 
HOW 三一 
SSB 0 
LB 0.30 MZ 
G8 0 
PC I 00 
10 NHfl Diet parameters 
CX 23.CC c« 
ftP 10.C03 00" 
I , i J Fl 300： 30 H： 
、 II i I A J . 」 』 F2P -0 500 00-
、- J * ^ — 厂 . F2 -150 07 HZ 
j �, � / I iUl I \ PPMCM 0 PD-/c™ 
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J. ,S o ！ol |0!0, S 
？ §• O ' 0 1 O'Ol o 
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0£ 5.00 usee 
TE 300 0 K 
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............CHAWNEt M  
NUCl IH 
PI 4.50 usee 
PLl "2 00 oB 
SFOl 300.1312000 m z 
f2 - Process»09 paraeeiers 
SI 32768 
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MOW £M 
SSB 0 
tB 0.30 HZ 
GB 0 
PC 1.00 
10 NKfi Dloi parameters 
CX 23 00 c» 
f I P 10.000 Qpn 
卩1 3001.30 HZ 
A rpp .0 500 QDB 
I I A * ‘ — . • 〜 一 — . . . . . . . ^ -
,1 II I I F2 -150 07 HI 八 A / \ PPMCM 0 45653 oott/cn 
1 / \ A U HZCM 137 01537 m/c« 
u o H o 
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Structure Determination Summary for  
Crystal Data  
Empirical formula C38 H48 C14 08 
Molecular formula [C6H2(OCH3)2]4.(CH2C12)2  
Molecular weight 774.56 
Color and Habit pale block  
Crystal Size (mm) 0.21 x 0.19 x 0.14 
Crystal system Triclinic  
Space group P^l  
a (A) 9.460(2) 
b(A) 12.892(3) 
c(A) ~ 15.324(3) 
alpha (deg.) 90.929(5) 
beta (deg.) 104.420(5) — 
gamma (deg.) — 110.950(4) 
V(A^3) 1678.8(6) 
Z 2 
F(OOO) — 816 
Density(cal.)(Mg/m 八3) 1.532 
Diffractometer Used — Bruker S M A R T C C D IK 
Radiation MoK\a 0.71073A 
Temperature(K) 293(2) 
Monochromator Highly oriented graphite crystal  
Theta range (deg.) 1.38 to 24.08 
Scan Type and Rate Omega scan Crystal to Detector Distance 
(mm)  
Background Level ？  
Reflections measured 8764 
Index ranges of measured data -10<=h<=9，-13<=k<=14, -17<=1<=17 
Independent reflections 5280 (Rint = 0.0712) 
Observed Reflection 2295 (>2sigma(I)) 
Absorption Correction None  
Absorption Correction None  
Relative Transmission Factor ？  
Solution and Refinement  
System Used Siemens S H E L X T L PLUS (PC Version 5.0)“ 
Structure Solution SHELXS-97 (Sheldrick, 1990) 
Structure Refinement SHELXL-97 (Sheldrick, 1997) 
Refinement Method Full-matrix least-squares on  
Flack H D(1983)，Acta Cryst. A39’ 876-881 
Extinction coefficient 0.0009(4) 
Weighting Scheme c ^  
Parameter/Restraints/Data(obs.) 416/0/2295 
Final R indices (obs.) "R1 = 0.0496, w R 2 二 0.0968 一 
R indices (all) R1 = 0.1305, w R 2 = 0.1170 
Goodness-of-fit 0.834 “ 
R n 2 
Largest and Mean Delta/Sigma 0.000，0.000 — 
Largest difference peak(e.A^-3) 0.290，-0.230 〜 
Table 1. Atomic coordinates and equivalent isotropic displacement parameters (A^2). 
atom X y z U(eq)  
0(1) “ 0.2547(3) 0.6366(2) 0.22560(19) — 0.0457(8) 
0(2) 0.1750(3) 0.2061(2) 0.11282(18) — 0.0458(8) 
0(3) — 0.2448O) 0.2064(2) "^1348(18) 0.0458(8) 
0(4) 一 0.8431(3) 0.3675(2) "5.26764(19) 一 0.0453(8) 
0(5) ~ ~ 0.6201O) 0.06977(17) 一 0.0449(8) 
0(6) _ 0.7232(3) 0.7595(2) 0.19349(19) 0.0479(8) — 
0(7) 一 0.90350) 0.6920(2) 0.35870(19) 0.0537(9) 
0(8) — 0.3021(3) 0.5365(2) "^9899(18) 0.0477(9) 
C(l) 0.3398(4) 0.4848(3) "5.2358(3) — 0.0290(10) 
C(2) — 0.2249(5) 0.5291(4) 0.1962(3) 0.0342(11) 
C(3) 一 0.0906(4) "^17(4) 0.1307(3) 一 0.0402(12) 
C(4) 一 0.0709(5) 0.3532(4) 0.1032(3) 一 0.0428(12) 
C(5) ‘ 0.1847(5) 0.3114(4) 0.1403(3、 0.0344(11) 
C(6) 一 0.3198(4) "03768(3) 0.2080(3) 0.0288(10) 
C(7) 0.4357(4) 0.3267(3) 0.2510(2) "0.Q279(10) 
C(8) — 0.3961(4) 0.2392(3) 0.3040(3) “ 0.0321(11) 
C(9) 0.5026(5) 0.1929(3) 0.3425(3) 0.0378(11) 
C(10) "0.6521(5) 一 0.2330(3) 0.3315(3) 0.0377(11) 
C(ll) 0.6965(4) — 0.3204O) 0.2810(3) 0.0313(11) 
C(12) “ 0.5867(4) 0.3674(3) 0.2390(2) 0.0269(10) 
C(13) 0.6327(4) 0.4600(3) 0.1827(3) "0.0263(10) 
C(14) 0.6513(4) Q.43780) 0.Q964O) “ 0.0296(10) 
C(15) 0.6950(4) 0.5226(4) 0.0441(3) 0.0390(11) 
C(16) 0.7220(4) 0.6306(4) 0.0755(3) 0.0391(11) 
C(17) 0.7043(4) 0.6544(4) 0.1596(3) 0.0349(11) 
C(18) 一 0.6568(4) 0.5687(3) 0.2124(3) 一 0.0283(10) 
C(19) 0.6314(4) 0.5938(3) 0.3017(3) "5.0282(10) 
C(2Q) 0.7573(4) 0.6587(3) 0.3746(3) "5.0360(11) 
C(21) 0.7314(5) 0.6818(3) 0.4548(3) 0.0393(12) 
C(22) 一 0.5811(5) "Q^4280) Q.46550) 一 0.0410(12) 
C(23) 0.4553(5) 0.5798(3) 0.3955(3) 0.0332(11) “ 
C(24) 0.4790(4) 0.5553(3) 0.3120(3) 0.0286(10) 
C(25) • 0.1240(5) 0.6695⑷ 0.2117(3^ —0.0714(17) 
C(26) 0.0250(5) 0.1234(4) 0.0850⑷ 0.092(2) “ 
C ( 2 7 ) 0 . 1 8 7 1 ( 5 ) 0 . 1 0 4 6 ⑷ 0 . 3 4 9 8 ⑶ 一0.0677(16) 
C(28) 0.9566(5) 0.3231(4) 0.3088(3) 0.0600(15) 
C(29) 0.6413(5) 0.3017(4) -0.0157(3) 0.0489(13) 
C(30) 0.8199(6) 0.8516(4) 0.1613(4) 0.0804(18) “ 
C(31) 1.0281(5) 一 0.7753(4) Q.4207O) 0.0806(19) 
C(32) 0.2668(5) 0.5785(4) 0.4741(3) 0.0619(15) 
C(33) "0.5818(5) — 0.8801(4) 0.3388(3) 0.0700(16) 
Cl(l) 0.77354(17) 0.97194(13) 0.38317(12) 0.1009(6) 
Cl(2) 0.4586907) 0.89185(13) 0.40063(11) 0.0912(5) 
C(34) 0.4388(6) 0.0757(4) 0.1140(3) 0.0777(17) 
Cl(3) "0.29869(17) -0.04135(13) 0.13851(11) 0.0997(6) 
Cl(4) 0.61615(17) 0.05772(14) 0.12529(10) | 0.0925(5) 
p / i 3 
Table 2. Selected bond lengths (A) and angles (deg.) in the hydrogen-bonded host lattice * 







0 ⑷-C(28) — 1.412(4) 








C ⑴-C(6) 1.382(5) ； 
C ⑴-C(2) 1.415(5) 
C(l)-C(24) 1.506(5) 
C ⑵-C(3) 1.387(5) 
C(3)-C(4) 1.388(5) 





C(8)-C(9) 1.365(5) . 
C(9)-C(10) 1.377(5) 

















C(33)-C1(1) — 1.726(5) 





C ⑧-0(3)-C(27) 116.9(3) 





C(6)-C ⑴-C(2) 120.3(4) . 
C(6)-C(l)-C(24) 120.9(4) 
C(2)-C(l)-C(24) 118.7(4) 
O ⑴-C ⑵-C(3) — 124.1(4) 
O ⑴-C ⑵-C(l) 116.8(4) 
C(3)-C ⑵-C(l) 119.1(4) 
C(2)-C(3)-C(4) 120.4(4) 
C(5)-C(4)-C(3) 120.4(4) 
C ⑷-C(5)-0(2) 123.0(4) 
C ⑷-C(5)-C(6) 120.4(4) 
0 ⑵-C(5)-C(6) 116.6(4) 
C(l)-C(6)-C(5) 119.4(4) 
C(l)-C(6)-C(7) 121.4(3) 
C(5)-C(6)-C(7) 119.1 ⑷ 





























C(24)-C(19)-C(18) 119.7(3) . _ 
C(20)-C(19)-C(18) 121.2(3) 
C(21)-C(20)-0(7) 124.6(4) 









C(19)-C(24)-C(l) — 121.1(3) 
C(23)-C(24)-C(l) — 119.2(3) 
CI ⑵-C(33)-C1(1) — 112.7(3) 
C1(3)-C(34)-C1(4) 111.5(3) 
* Symmetry transformations used to generate equivalent atoms: 
Table 3. Anisotropic displacement parameters (八八2). 
atom "Ull U22 "U33 "U23 U13 一 U12 — 
0(1) "^438(18) 0.044(2) 0.057(2) "00059(16) 0.0103(16) 0.0277(15) 
0(2) "0.037908) 0.035(2) 0.052(2) -0.0072(16) 0.0042(16)~ 0.0058(15) 
0(3) 0.0403(18) 0.045(2) 0.055(2) 0.0189(16) 0.0251(16) 0.0102(15) 
0(4) 0.033207) "0.052(2) 0.060(2) 0.0252(16) 0.020006)~ 0.0213(15)— 
0(5) 0.072(2) " 0.040(2) " 0.0334(18) "0.QQ58(15) — 0.0249(16) 0.0273(16) 
0(6) 0.061(2) " 0.029(2) 0.057(2) '0.0121(16) 0.0281(17) 0.0119(15)— 
0(7) "0.0279(17) " 0.064(2) " 0.056(2) -0.0134(18) — 0.0065(16)— 0.0063(15) 
0(8) 0.0436(18) " 0.058(2) 0.045(2) -0.0002(16) — 0.0242(16)— 0.0155(15) 
C(l) 0.030(2) 一0.031(3) 0.029^) "aQ10(2) 0.013(2) 0.011(2) 
C(2) 0.038(3) "^36(3) 0.037(3) O.OlOP) 0.017(2) 0.018(2) 
C(3) 0.033(3) 0.049(3) "0041(3) 0.013(2) 0.009(2) 0.018(2) 
C(4) 0.037(3) "O7047(3) "a038(3) 0.002(2) 0.005(2) 0.013(2) 
C(5) 0.031(2) 0.032(3) 0.039O) 0.005(2) “ 0.014(2) 0.008(2) 
C(6) 0.026(2) 0.033(3) 0.030(3) 0.010(2) 0.011(2) 0.012(2) 
C(7) 0.030(2) "0030(3) "0022(2) 0.001(2) 0.006(2) 0.010(2) 
C(8) 0.033(3) 0.031(3) 0.031(3) 0.003(2) 0.011(2) ~ 0.009(2) 
C(9) “ 0.046^) 0.034(3) 0.037(3、 0.012(2) —0.018(2) —0.015(2) 
C(1Q) 0.040(3) 0.042O) 0.034(3) . 0.009(2) — 0.007^) 0.021(2)— 
C(ll) 0.030(2) 0.038(3) 0.029(3) 0.003(2) ~ 0.006(2) 0.017(2) 
C(12) 0.030(2) 0.028(3) 0.025(2) 0.0064(19) — 0.010(2) 0.011(2) 
C(13) 0.022(2) 0.031(3) 0.028(3) 0.009(2) 0.0062(19) 0.0125(19) 
C(14) 0.027(2) 0.033(3) 0.033^) 0.008(2) — 0.010(2) 0.014(2)— 
C q S ) 0.043(3) 0.044(3) 0.037⑶ 0.008(2) 一 0.021(2) — 0.017(2) 
C(16) 0.041(3) 0.041(3) 0.039(3) 0.017(2) 0.016(2) 0.016(2) 
eg?) 0.032(2) 0.028(3) Q.046O) 0.009(2) 0.012(2) 0.012(2) 
C(18) 0.024(2) 0.034(3) 0.027(3) 0.006(2) 一 0.009(2) 0.0091(19) 
C(19) 0.032(2) 0.027(3) 0.026(3) "0.0Q39(19) 0.010(2) 0.0096(19) 
C(20) "0.028^) "0.038^) 0.037(3) "Q.0Q5(2) 0.005(2) 0.009(2) 
C(21) 0.040(3) 0.046(3) ~0.028(3) -0.004(2) 0.004(2) 0.016(2) 
C(22) 0.051(3) 0.046(3) 0.028^) -0.004(2) 0.011(2) 0.021(2) 
C(23) 0.034(3) 0.033(3) 0.037(3) 0.009(2) 0.017(2) 0.013(2) 
C(24) 0.028(2) 0.028(3) 0.030(3) 0.008(2) 0.007(2) 0.0108(19) 
C(25) “ 0.062(3) 0.069(4) ~Q.095(4) ~0.QQ6(3) 0.011(3) 0.046(3) 
C(26) "0.058(4) 0.049(4) "a 137(6) -0.026(4) 0.003(4) 0.002(3) 
C(27) 0.059⑶ 0.053(4) 0.091(4) 0.024(3) 0.041(3) 0.007(3) 一 
P J I G 
C(28) 0.042(3) 0.088(4) 0.062(4) 0.029(3) 0.015(3) 0.037(3) 
C(29) "5.056(3) "O7Q57(3) 0.037(3) -0.005(2) 0.015(2) 0.025(2)〜 
C(30) "ai05(4) 0.033⑷ 0.110(5) 0.019(3) 0.061(4) 0.013(3) 
C(31) "0.04Q(3) "O7Q96(5) 0.079(4) -0.015(4) 0.005(3) 0.002(3) 
C(32) 0.068O) "a079(4) 0.054(3) 0.004(3) 0.040(3) 0.029(3) 
C(33) 0.074(4) "5.070(4) 0.074(4) 0.016(3) 0.026(3) 0.032(3) 
Cl(l) "0.0745(10) 0.0769(12) 0.1428(16) 0.0192(10) 0.0342(10) 0.0151(8) 
Cl(2) "0.0883(10) "0.0900(13) 0.1146(13) "0.0209(10) 0.0480(10) 0.0418(9) 
C(34) 0.079(4) 0.074(4) 一0.083(4) —0.006(3) 0.019(3) — 0.034(3)— 
Cl(3) 0.0845(11) "0.0800(13) 0.1175(14) "0.0077(1Q) 0.0177(10) — 0.0176(9)— 
Cl(4) 0.0877(11) "0.1096(14) —0.0938(12) 0.0067(10) “ 0.0252(9) 0.0526(10) ~ 
Table 4. Hydrogen coordinates and isotropic displacement parameters (A^2).  
X Y z U ( e q )  
H(3A) 0.0133 0.4895 0.1050 0.048 
H(4A) "^.0198 0.3084 0.0595 "0.051 ~  
H(9A) "a4738 " 0.1337 0.3766 ""0.045 — 
H(IOA) "0.7236 0.2008 0.3582 "0.045  
H(15A) 0.7064 0.5072 -0.0127 "a047  
H(16A) 0.7523 “ 0.6880 0.0400 “ 0.047 
H(21A) "0".8159 0.7244 0.5030 "0.047 — 
H(22A) "0.5653 0.6594 0.5207 "Q.049 — 
H(25A) "Q.1592 0.7468 ~Q.2349 0.107 
H(25B) 0.0515 "0.6245 0.2428 "0.1Q7 — 
H(25C) "5.0725 0.6596 0.1480 “ 0.107 
H(26A) "0.0321 " 0.0541 0.0673 "0.138 ~  
H(26B) -0.0377 " 0.1446 0.0343 0.138 — — 
H(26C) "^.0231 "0.1145 0.1341 "0.138 — 
H(27A) "0.0818 " 0.0905 0.3529 "Q.102 一 
H(27B)下.2533 0.1093 ""0.4097 0.102 — — 
H(27C) "ai871 0.0448 1 3 1 1 7 0.102 “ 
H(28A) 1.0536 “ 0.3628 0.2944 — 0.090 — 
H(28B) 0.9199 0.2454 0.2865 0.090 
H(28C) "5.9735 “ 0.3308 0.3734 0.090 
H(29A) "0.6162 “ 0.2227 -0.0262 0.073 
H(29B) 1 7 4 8 7 一0.3414 -0.0156 "a073 “ 
H(29C) "0.5731 0.3234 —-0.0630 " 0.073 ~  
H(30A) ’ "0.8236 0.9193 0.1905 "0.121 — 
H(30B) 0.7783 •0.8479 0.0969 0.121 一 — 
H(30C) 0.9242 " 0.8508 0.1743 0.121 _ — 
H(31A) 1.1228 “ 0.7908 0.4023 0.121 一 
H(31B) 1.0419 '0.7503 0.4798 0.121 
H(31C) T.0Q54 0.8420 0.4227 " 0.121 — 
H P 2 A ) "0.1566 0.5424 "0.4691 " 0.093 — 
H(32B) "5.2933 0.6577 0.4743 一 0.093 
H 0 2 C ) "5.3268 ” 0.5637 0.5295 — 0.093 
H(33A) 0.5435 0.8939 0.2770 "aQ84  
H(33B) " ^ 7 9 5 "a8042 0.3370 0.084 
H(34A) "a4563 "0.1402 "a 1547 0.093 
H(34B) 0.3998 0.0900 0.0524 0.093 
R i l l 
T a b l e 1 . C r y s t a l data and structure refinemerTt for p . 
I d e n t i f i c a t i o n code P 
Empirical formula ^24^34^14 
F o r m u l a w e i g h t 5 4 6 . 5 1 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
Crystal system Tetragonal 
Space group P^^/nmc 
U n i t c e l l d i m e n s i o n s a = 1 3 . 2 1 7 0 ( 8 ) A alpha = 9 0° 
b = 1 3 . 2 1 7 0 ( 8 ) A b e t a = 9 0° 
c = 7 . 3 3 3 3 ( 7 ) A g a m m a = 9 0° 
V o l u m e , Z 1 2 8 1 . 0 5 ( 1 6 ) K , 2 
D e n s i t y (calculated) 1.417 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0.117 m m 
F ( O O O ) 580 
C r y s t a l s i z e 0.20 x 0.17 x 0.14 irm 
o 
e r a n g e for d a t a c o l l e c t i o n 2.18 to 2 8 . 0 1 
L i m i t i n g i n d i c e s -14 ^ h s 1 7 , -17 ^ ic ^ 17, -8 < I ^ 9 
Reflections collected 8262 
I n d e p e n d e n t r e f l e c t i o n s 845 (R^^^ = 0.1371) 
C o m p l e t e n e s s to 6 = 2 8 . 0 1° 100.0 % 
A b s o r p t i o n c o r r e c t i o n N o n e 
M a x . a n d m i n . t r a n s m i s s i o n 0.9837 a n d 0 .9769 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 845 / 0 / 65 
2 
G o o d n e s s - o f - f i t on F 0.639 
F i n a l R i n d i c e s [I>2ff(I)] = 0 - 3 1 5 6 , w R 2 = 0 . 2 0 9 1 
R i n d i c e s (all data) R 1 = 0 . 3 7 2 7 , w R 2 = 0.2594 
.-3 
L a r g e s t d i f f . p e a k and h o l e 0-606 a n d - 0 . 3 4 2 eA 
R i l S 
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for p . U(eq) is d e f i n e d as 
o n e t h i r d of the trace of the o r t h o g o n a l i z e d U^^ t e n s o r . 
X y z U(eq) 
O ( 2 W ) 7500 -2500 1363 (13) 69 (13) 
0 ( 3 W ) 9145(5) -2500 -1124(9) 63(18) 
0 (1) 5412 (3) 863 (3) 414 (6) SS(18) 
C(l) 6977(4) 321(4) -853(8) 58(18) 
C(2) 5454(3) 860 (4) 432 (8) 48 (18) 
C(3) 6969 (3) 1404 (3) 1784 (7) 42 (17) 
T a b l e 3 . B o n d l e n g t h s [A] and a n g l e s [°] for p . 
0 ( 1 ) - C ( 2 ) 1.377(5) C ( l ) - C ( 2 ) 1 . 3 6 9 ( 7 ) 
C ( l ) - C ( l ) # l 1 . 3 8 3 ( 1 0 ) C ( 2 ) - C { 3 ) 1 . 4 0 1 ( 7 ) 
C ( 3 ) - C ( 3 ) # l 1.405(8) C ( 3 ) - C ( 3 ) # 2 1 . 4 8 8 ( 9 ) 
C ( 2 ) -C(l) - C ( i m 120.3(3) C(l) -C(2) -0(1) 1 2 0 . 0 ( 5 ) 
C ( l ) - C ( 2 ) - C ( 3 ) 120.6(4) 0 ( 1 ) - C ( 2 ) - C ( 3 ) 1 1 9 . 4 ( 5 ) 
C ( 2 ) - C ( 3 ) - C ( 3 ) # 1 119.1(3) C ( 2 ) - C ( 3 ) - C ( 3 ) # 2 1 2 0 . 9 ( 3 ) 
C ( 3 ) # l - C ( 3 ) - C ( 3 ) # 2 120.1(2) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms： 
ftl -:!c+3/2,y,z #2 y + l / 2 , x - l / 2 , -z + 1/2 
FJ20 
.2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for p . 
T h e a n i s o t r o p i c d i s p l a c e m e n t factor exponent takes the form: 
2 * 2 * * -27r [ (ha ) U^^ + • . . + 2hka b U^^ ] 
n i l U22 U3 3 U23 U13 U12 
0{2W) 74(13) 74(19) 59(19) 0 0 0 
0(3W) 47(18) 50(18) 92(18) 0 1(4) 0 
0 (1) 27 (18) 52 (18) 118 (18) -24 (2) -5 (2) 4 (2) 
C(l) 44(18) 51(18) 80(18) -17(3) -3(3) _2(2) 
C(2) 27 (18) 36 (18) 82 (18) -11 (3) -1 (2) -3 (2) 
C(3) 29(18) 27(18) 70(18) 1(2) 3(2) 0(2) 
P � / 2 | 
4 . , 
T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x ) and i s o t r o p i c 
.2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for p . 
X y z U (eq) 
H(1B) 6627 -47 -1731 70 
H(3A) 9570(40) -2000(40) -900(70) 90(20) 
H(2A) 7500 -3200(50) 2450(100) 90(30) 
H(1A) 5100 (40) 1250 (40) 740 (70) 100 (20) 
H ( 3 B ) 8650 (70) -2500 -160 (110) 120 (30) 
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